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Minimum materials and tools needed for technology activities

Learners need to bring their own basic writing and drawing tools to class, as well as some waste 
materials that will be reused. But the school should provide all the other materials and tools listed below.

Not all the materials and tools will be used in every chapter. At the start of each chapter there is a list 
of the specific tools and materials required for that chapter.

Important: The teacher should read about the required materials and tools for a chapter 
at least one week before that chapter starts. This will ensure that there is enough time for the 
teacher to put the necessary materials and tools together, and time for the learners to gather the 
materials they have to bring to school.

Tools to be bought by learners
(Necessary for all Technology classes)

Pen, pencil, sharpener, eraser, 
ruler (30 cm) Calculators

Geometry instruments: compass, 
protractor, set squares (30° and 45°)

Materials to be sourced by learners
(reuse packaging materials etc.)

Left: New 180 gsm cardboard in different colours 
(optional, only if learners can afford it). Middle: Reused 
Cardboard (thick cardboard like that used for cereal 
boxes). Right: Corrugated cardboard (single layer)

Cardboard tubes from rolls 
of toilet paper, foil, etc.
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Materials to be bought by schools

✘✔

Big, strong scissors/ kitchen snips (buy in bulk at about R15 
each). DO NOT USE SMALL CHEAP SCISSORS! 

New 180 gsm cardboard in 
different colours (much thinner 
than cereal box cardboard, and 
easier the cut and fold)

Masking tape Wood glue (glue stick like 
'Pritt' is optional)

Prestik (masking tape can be used 
instead if this is not available)

String (cotton, 2-3 mm) Copper wire, 1 mm (this bends 
easily by hand and can be 
cut with scissors; buy from 
hardware store)

Galvanised steel, wire 1 mm 
(optional: if pliers or other tools 
for cutting and bending wire are 
available)
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Nails (1 mm, 2 mm, 4 
mm, and 6 mm diameters; 
minimum lengths between 
3 cm and 8 cm)

Syringes (buy from a pharmacy, 
different diameters) 
Pipe to use with syringes (buy 
from a pet shop, for fish tanks)

Paper clips

Paper fasteners (split pins, 
optional, may need to go to 
specialist stationery or art 
shop to buy)

Tooth picks (buy in bulk) Drinking straws (buy in bulk)
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Electric and electronic equipment and materials to be supplied 
by schools (in addition to the equipment and materials needed in 
Grades 7 and 8)

Capacitors

Diodes

Light dependent 
resistors (LDR's)

Light emitting diodes (LED's)

Push button switches
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Single-pole, single-throw (SPST) switches

Thermistors

Transistors Variable resistors

Single-pole, double-throw 
(SPDT) switches
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How to use this Teacher Guide

Notes to the teacher at the start of each chapter

All the Learner Book (LB) pages are included in this Teacher Guide (TG). In addition, notes to the 
teacher are given before the LB pages, at the start of each chapter. 

The teacher notes pages have a coloured background.

The teacher notes provide the teacher with:

•  a summary of the chapter’s work, 
•  some deeper explanations that are not in the LB, and 
•  a guide for how to prepare for the week’s lessons. 
Teachers should therefore read the teacher notes as part of their lesson planning,  
in addition to reading the LB pages.

Page numbers

The TG has different page numbers than the LB. 

The TG page numbers are indicated in the usual position at the bottom of pages. 

The LB page numbers are indicated at each place where a new LB page starts.

Answers to questions in the Learner Book

Answers to questions (shown in red) have been added to the LB pages in the TG. 

When in the term to teach each chapter

The table of contents in the TG shows for each chapter the week(s) of the term in which that  
chapter should be done.

Teachers should also refer to CAPS as well as their subject advisors for guidance

The TG should be used in conjunction with the CAPS document. 

For assessment of PATs, the TG does not provide analytical rubrics for assessment; the TG only 
indicates mark allocation and gives example answers. Teachers should make their own analytical 
rubrics, or use rubrics provided by their subject advisors, and refer to the example of an analytical 
rubric that is provided on p. 44 of CAPS.

Grid paper for drawing

Square and isometric grid paper are provided on the last three pages of this TG. Teachers may 
photocopy this for learners if required. When photocopying, please make sure that the copies are 
made on 100% scale. 

Where to find electronic versions of the books

The DBE’s Thutong website: http://www.thutong.doe.gov.za/

The Thutong website also contains additional learning resources.

Ukuqonda Institute: http://ukuqonda.org.za/learning-materials/technology-grd-7-9
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e 
an

 o
rt

ho
gr

ap
hi

c 
dr

aw
in

g 
of

 th
ei

r 
ow

n 
de

si
gn

s,
 n

ot
 th

e 
illu

st
ra

tio
n 

on
 p

ag
e 

22
. I

t i
s 

im
po

rt
an

t t
o 

re
m

in
d 

th
em

 o
f s

ca
le

 a
t t

hi
s 

po
in

t, 
as

 th
ey

 w
ill 

ha
ve

 to
 s

ca
le

 th
e 

dr
aw

in
g 

of
 th

ei
r 

ra
m

p 
to

 fi
t i

t o
n 

th
e 

gr
id

. A
ll 

m
ea

su
re

m
en

ts
 m

us
t b

e 
sh

ow
n,

 a
s 

w
el

l a
s 

th
e 

sc
al

e 
th

e 
le

ar
ne

rs
 u

se
. T

he
 le

ar
ne

rs
 h

av
e 

tw
o 

pa
ge

s 
to

 c
om

pl
et

e 
th

is
 e

xe
rc

is
e,

 s
o 

th
ey

 d
o 

no
t h

av
e 

to
 

m
ak

e 
th

e 
sc

al
e 

ve
ry

 s
m

al
l. 

So
m

e 
le

ar
ne

rs
 m

ay
 n

ee
d 

gu
id

an
ce

 th
ro

ug
h 

th
is

 e
xe

rc
is

e:
 re

fe
r 

th
em

 
ba

ck
 to

 th
e 

or
th

og
ra

ph
ic

 d
ra

w
in

gs
 in

 C
ha

pt
er

 1
, a

nd
 re

m
in

d 
th

em
 th

at
 th

ey
 n

ee
d 

to
 d

ra
w

 fr
on

t, 
si

de
 a

nd
 to

p 
vi

ew
s 

of
 th

ei
r 

is
om

et
ric

 d
ra

w
in

g.
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2.
1 

St
ai

rs
 a

nd
 a

 r
am

p

N
el

so
n

 M
an

d
el

a 
H

ig
h

 S
ch

oo
l h

as
 a

 n
ew

 c
om

m
u

n
it

y 
h

al
l. 

A
 s

ta
ir

ca
se

 a
n

d
 w

h
ee

lc
h

ai
r 

ra
m

p
 is

 n
ee

d
ed

 f
or

 
th

e 
st

ag
e 

in
 t

h
e 

h
al

l. 
T

h
e 

p
ri

n
ci

p
al

 m
ad

e 
a 

li
st

 o
f 

th
in

gs
 t

h
at

 s
h

ou
ld

 b
e 

ke
p

t 
in

 m
in

d
 w

h
en

 d
es

ig
n

in
g 

th
e 

st
ai

rc
as

e 
an

d
 w

h
ee

lc
h

ai
r 

ra
m

p
. 

T
h

es
e 

ar
e 

ca
ll

ed
 s

p
ec

if
ic

at
io

n
s.

T
h

e 
sp

ec
if

ic
at

io
n

s 
fo

r 
th

e 
st

ai
rc

as
e 

an
d

 w
h

ee
lc

h
ai

r 
ra

m
p

 a
re

:
• 

T
h

e 
st

ai
rs

 a
n

d
 r

am
p

 m
u

st
 b

e 
m

ad
e 

in
 o

n
e 

u
n

it
 s

o 
th

at
 it

 c
an

 b
e 

m
ov

ed
.

• 
T

h
e 

u
n

it
 s

h
ou

ld
 f

it
 in

 f
ro

n
t 

of
 t

h
e 

st
ag

e 
so

 t
h

at
 p

eo
p

le
 c

an
 w

al
k 

on
to

 t
h

e 
st

ag
e 

an
d

 w
h

ee
lc

h
ai

rs
 c

an
 g

o 
u

p
 a

n
d

 d
ow

n
.

• 
T

h
e 

st
ag

e 
is

 4
00

 m
m

 h
ig

h
.

• 
T

h
e 

st
ai

rs
 s

h
ou

ld
 b

e 
w

id
e 

en
ou

gh
 f

or
 t

w
o 

p
eo

p
le

, a
bo

u
t 

1 
20

0 
m

m
.

• 
T

h
er

e 
sh

ou
ld

 b
e 

th
re

e 
st

ep
s 

of
 t

h
e 

sa
m

e 
si

ze
.

• 
T

h
e 

fl
at

 p
ar

t 
of

 e
ac

h
 s

te
p

 is
 8

00
 m

m
 lo

n
g.

• 
T

h
e 

ra
m

p
 s

h
ou

ld
 b

e 
w

id
e 

en
ou

gh
 f

or
 o

n
e 

w
h

ee
lc

h
ai

r 
– 

1 
00

0 
m

m
.

• 
T

h
e 

sl
op

e 
of

 t
h

e 
ra

m
p

 s
h

ou
ld

 b
e 

2 
43

3 
m

m
 lo

n
g.

• 
T

h
e 

ra
m

p
 is

 a
t 

a 
10

˚ s
lo

p
e.

• 
T

h
e 

ba
se

 o
f 

th
e 

ra
m

p
 s

h
ou

ld
 b

e 
2 

40
0 

m
m

 lo
n

g.
• 

T
h

e 
ra

m
p

 s
h

ou
ld

 h
av

e 
a 

h
an

d
ra

il
 t

o 
p

re
ve

n
t 

w
h

ee
lc

h
ai

rs
 f

ro
m

 f
al

li
n

g 
of

f.

V
is

u
al

is
e 

th
e 

co
m

b
in

ed
 s

ta
ir

ca
se

 a
n

d
 r

am
p
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To
 h

el
p

 y
ou

 im
ag

in
e 

w
h

at
 t

h
e 

co
m

bi
n

ed
 s

ta
ir

ca
se

 a
n

d
 r

am
p

 w
il

l l
oo

k 
li

ke
, y

ou
 c

an
 

m
ak

e 
a 

fe
w

 d
ra

w
in

gs
. 

1.
 

M
ak

e 
a 

ro
u

gh
 d

ra
w

in
g 

to
 s

h
ow

 w
h

at
 y

ou
 t

h
in

k 
th

e 
co

m
bi

n
ed

 s
ta

ir
ca

se
 a

n
d

 
ra

m
p

 s
h

ou
ld

 lo
ok

 li
ke

. M
ak

e 
yo

u
r 

d
ra

w
in

g 
on

 a
 c

le
an

 p
ag

e,
 a

n
d

 m
ak

e 
it

 b
ig

 
en

ou
gh

 t
o 

fi
ll

 t
h

e 
p

ag
e.

2.
 

D
im

en
si

on
s 

ar
e 

gi
ve

n
 in

 t
h

e 
ab

ov
e 

sp
ec

if
ic

at
io

n
s.

 W
ri

te
 t

h
e 

d
im

en
si

on
s 

in
 t

h
e 

co
rr

ec
t 

p
la

ce
s 

on
 y

ou
r 

d
ra

w
in

g.

Ch
ec

k 
th

e 
le

ar
ne

rs
’ s

ke
tc

he
s.

 M
ak

e 
su

re
 t

he
y 

ha
ve

 f
ol

lo
we

d 
in

st
ru

ct
io

ns
 a

nd
 p

ut
 in

 t
he

 d
im

en
si

on
s.

If 
yo

u 
lo

ok
 a

t t
he

 p
ic

tu
re

 o
n 

th
e 

pr
ev

io
us

 p
ag

e,
 y

ou
 w

ill 
se

e 
w

ha
t a

 r
am

p 
is

.

ra
m

p
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Is
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c 
dr
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A
n

 is
om

et
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c 
d
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in
g 

ca
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 h
el

p
 y

ou
 t

o 
se

e 
m

or
e 

cl
ea

rl
y 

w
h

at
 y

ou
r 

id
ea

 w
ou

ld
 lo

ok
 

li
ke

 w
h

en
 it

 is
 b

u
il

t.
 T

o 
m

ak
e 

an
 is

om
et

ri
c 

d
ra

w
in

g,
 d

ra
w

 a
ll

 t
h

e 
ve

rt
ic

al
 li

n
es

 o
f 

th
e 

ob
je

ct
 a

t 
90

˚ t
o 

th
e 

ba
se

, a
n

d
 a

ll
 t

h
e 

h
or

iz
on

ta
l l

in
es

 a
t 

30
˚ t

o 
th

e 
ba

se
. Y

ou
 c

an
 

u
se

 is
om

et
ri

c 
gr

id
 p

ap
er

 t
o 

h
el

p
 y

ou
 d

o 
th

is
.

H
o

m
ew

o
rk
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M

ak
e 

an
 is

o
m

et
ri

c 
d

ra
w

in
g 

o
f 

a 
cu

b
e 
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Lo
ok

 a
t 

th
e 

or
an

ge
 li

n
es

 o
n

 t
h

e 
gr

id
 p

ap
er

 b
el

ow
. D

o 
yo

u
 s

ee
 h

ow
 t

h
e 

ve
rt

ic
al

 li
n

e 
go

es
 u

p
 t

h
ro

u
gh

 t
h

e 
m

id
d

le
 o

f 
th

e 
d

ia
m

on
d

 s
h

ap
es

? 
A

n
d

 h
ow

 t
h

e 
h

or
iz

on
ta

l l
in

e 
go

es
 a

cr
os

s 
th

e 
m

id
d

le
 o

f 
th

e 
d

ia
m

on
d

 s
h

ap
es

? 
T

h
e 

ot
h

er
 li

n
es

 a
re

 a
t 

30
° 

to
 t

h
e 

h
or

iz
on

ta
l l

in
e.

C
op

y 
th

e 
d

ra
w

in
g 

of
 t

h
e 

cu
be

 o
n

to
 a

 s
h

ee
t 

of
 is

om
et

ri
c 

gr
id

 p
ap

er
.

Ch
ec

k 
th

e 
le

ar
ne

rs
’ h

om
ew

or
k.

 M
ak

e 
su

re
 t

he
 c

ub
e 

th
ey

 h
av

e 
co

m
pl

et
ed

 is
 c

or
re

ct
.

vertical line

30
°
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°

ho
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e
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in

g
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h

er
e 
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n
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et

ri
c 

d
ra

w
in

g 
of
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ta
ir

ca
se
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h
ap
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r 

1.
 W

h
at

 d
o 

yo
u

 t
h

in
k 

an
 

is
om

et
ri

c 
d

ra
w

in
g 

of
 t

h
e 

ra
m

p
 w

ou
ld

 lo
ok

 li
ke
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It

 m
ig

h
t 

lo
ok

 a
 b

it
 li

ke
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 s
li

ce
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f 
bi

rt
h

d
ay

 c
ak

e!

Fi
gu
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1.
 

M
ak

e 
a 

sk
et

ch
 o

f 
th

e 
w

h
ee

lc
h

ai
r 

ra
m

p
 t

h
at

 lo
ok

s 
li

ke
 t

h
e 

sl
ic

e 
of

 c
ak

e 
ab

ov
e,

 o
n

 t
h

e 
to

p
 p

ar
t 

of
 a

 
sh

ee
t 

of
 is

om
et

ri
c 

gr
id

 p
ap

er
. 

2.
 

N
ow

 m
ak

e 
a 

be
tt

er
 s

ke
tc

h
 o

n
 t

h
e 

bo
tt

om
 p

ar
t 

of
 

th
e 

sh
ee

t 
of

 p
ap

er
.

3.
 

Lo
ok

 a
t 

th
e 

li
st

 o
f 

sp
ec

if
ic

at
io

n
s 

at
 t

h
e 

be
gi

n
n

in
g 

of
 

se
ct

io
n

 2
.1

. L
ab

el
 t

h
e 

fo
ll

ow
in

g 
on

 y
ou

r 
d

ra
w

in
g:

• 
th

e 
h

ei
gh

t 
of

 t
h

e 
ra

m
p

, 
• 

th
e 

le
n

gt
h

 o
f 

th
e 

sl
op

in
g 

p
ar

t 
of

 t
h

e 
ra

m
p

, 
in

 o
th

er
 w

or
d

s 
th

e 
d

is
ta

n
ce

 f
ro

m
 A

 t
o 

B
 o

n
 t

h
e 

d
ra

w
in

g 
on

 t
h

e 
ri

gh
t,

• 
th

e 
le

n
gt

h
 o

f 
th

e 
ba

se
,

• 
th

e 
w

id
th

 o
f 

th
e 

ra
m

p
, a

n
d

• 
th

e 
10

° 
an

gl
e.

A 
sk

et
ch

 is
 a

 ro
ug

h 
dr

aw
in

g 
th

at
 h

el
ps

 y
ou

 to
 q

ui
ck

ly
 p

ut
 

yo
ur

 id
ea

s 
on

to
 p

ap
er

. I
t 

m
ak

es
 it

 e
as

ie
r 

to
 th

in
k 

ab
ou

t 
w

ha
t y

ou
 a

re
 d

es
ig

ni
ng

.
Yo

u 
do

 n
ot

 n
ee

d 
to

 u
se

 a
 r

ul
er

 
or

 e
xa

ct
 m

ea
su

re
m

en
ts

.

Fi
gu

re
 5

B

A
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ng

th
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f b
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e
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M
ak

e 
a 

sk
et

ch
 o

f 
th

e 
st

ai
rc

as
e 

on
 is

om
et

ri
c 

gr
id
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ap

er
. 

R
em

em
be

r 
it

 h
as

 o
n

ly
 t

h
re

e 
st

ep
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Lo

ok
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sp
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if
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n

s 
an

d
 la

be
l t

h
e 

fo
ll
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in

g 
on

 y
ou

r 
d
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w

in
g:

• 
th

e 
w

id
th

 o
f 

th
e 

st
ai

rs
,

• 
th

e 
h

ei
gh

t 
of

 t
h

e 
m

ob
il

e 
st

ai
rc

as
e,

• 
th

e 
h

ei
gh

t 
of

 e
ac

h
 s

te
p

, a
n

d
 

• 
th

e 
le

n
gt

h
 o

f 
th

e 
h

or
iz

on
ta

l p
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 e
ac

h
 s
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p
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Ch
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k 
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tc

he
s 

co
m

pa
re

 t
o 

th
e 

ex
am

pl
e 

sh
ow

n 
on

 t
he

 n
ex

t 
pa

ge
.

LB
 p

ag
e 

19



C
H

A
PT

ER
 2

: P
R

O
V

ID
E 

FO
R

 W
H

EE
LC

H
A

IR
S

TE
C

H
N

O
LO

G
Y

 G
R

A
D

E 
9 

TE
R

M
 1

22
23

H
o

m
ew

o
rk

 
LB

 p
. 

19

1.
 

Y
ou

 a
lr

ea
d

y 
h

av
e 

a 
d

ra
w

in
g 

of
 t

h
e 

st
ai

rc
as

e 
an

d
 a

 d
ra

w
in

g 
of

 t
h

e 
w

h
ee

lc
h

ai
r 

ra
m

p
. S

ke
tc

h
 t

h
em

 t
og

et
h

er
 a

s 
on

e 
st

ru
ct

u
re

 o
n

 t
h

e 
is

om
et

ri
c 

gr
id

 b
el

ow
. 

Yo
u 

m
us

t 
as

se
ss

 t
he

se
 d

ra
wi

ng
s.

 T
he

 le
ar

ne
rs

 s
ho

ul
d 

ha
ve

 d
on

e 
a 

co
m

bi
na

ti
on

 o
f 

th
e 

tw
o 

pr
ev

io
us

 d
ra

wi
ng

s.
 M

ak
e 

su
re

 t
ha

t 
al

l u
ns

ee
n 

ed
ge

s 
ar

e 
in

 d
as

he
d 

lin
es

.  
Th

e 
dr

aw
in

g 
m

us
t 

re
se

m
bl

e 
th

e 
ex

am
pl

e 
on

 p
ag

e 
22

, b
ut

 t
ha

t 
dr

aw
in

g 
do

es
 n

ot
 

pr
ec

is
el

y 
ad

he
re

 t
o 

th
e 

sp
ec

if
ic

at
io

ns
 (s

ee
 t

he
 a

ns
we

r 
to

 q
ue

st
io

n 
1 

on
 p

ag
e 

22
). 

Th
e 

le
ar

ne
rs

’ d
ra

wi
ng

, h
ow

ev
er

, s
ho

ul
d 

pr
ec

is
el

y 
ad

he
re

 t
o 

th
e 

sp
ec

if
ic

at
io

ns
,  

ex
ce

pt
 t

ha
t 

th
e 

ha
nd

ra
il 

do
es

 n
ot

 n
ee

d 
to

 b
e 

sh
ow

n.

2.
 

D
oe

s 
yo

u
r 

st
ai

r/
ra

m
p

 lo
ok

 a
s 

if
 it

 c
ou

ld
 w

or
k?

 D
oe

s 
it

 m
ee

t 
al

l t
h

e 
p

ri
n

ci
p

al
’s

 
sp

ec
if

ic
at

io
n

s?
 D

id
 y

ou
 r

em
em

be
r 

th
e 

h
an

d
ra

il
?

Le
ar

ne
rs

’ o
wn

 a
ss

es
sm

en
t 

of
 t

he
ir

 d
ra

wi
ng

 a
cc

or
di

ng
 t

o 
th

e 
sp

ec
if

ic
at

io
ns

.

3.
 

If
 y

ou
 a

re
 n

ot
 s

at
is

fi
ed

 w
it

h
 y

ou
r 

d
ra

w
in

g,
 n

ow
 is

 t
h

e 
ti

m
e 

to
 m

ak
e 

ch
an

ge
s 

an
d

 
d

o 
it

 a
ga

in
, b

ec
au

se
 it

 w
il

l b
e 

as
se

ss
ed

 b
y 

yo
u

r 
te

ac
h

er
. 

M
ak

e 
o

rt
h

o
gr

ap
h

ic
 d

ra
w

in
gs

 o
f 

yo
u

r 
d

es
ig

n
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Lo
ok

 b
ac

k 
at

 t
h

e 
sp

ec
if

ic
at

io
n

s 
fo

r 
th

e 
ra

m
p

 a
n

d
 t

h
e 

st
ai

rc
as

e 
gi

ve
n

 o
n

 L
ea

rn
er

 
B

oo
k 

p
ag

e 
16

. A
n

ot
h

er
 s

tu
d

en
t 

d
es

ig
n

ed
 t

h
e 

ra
m

p
 a

n
d

 s
ta

ir
ca

se
 s

h
ow

n
 in

 F
ig

u
re

 6
 

be
lo

w
. B

u
t 

th
is

 le
ar

n
er

 d
id

n
’t

 f
ol

lo
w

 t
h

e 
sp

ec
if

ic
at

io
n

s 
co

rr
ec

tl
y.

Fi
gu

re
 6

: I
s 

th
is

 d
es

ig
n 

co
rr

ec
t a

cc
or

di
ng

 to
 th

e 
sp

ec
ifi

ca
tio

ns
 o

n 
pa

ge
 1

6?

1.
 

C
om

p
ar

e 
th

e 
d

ra
w

in
g 

in
 F

ig
u

re
 6

 w
it

h
 t

h
e 

sp
ec

if
ic

at
io

n
s 

fo
r 

th
e 

ra
m

p
, g

iv
en

 a
t 

th
e 

be
gi

n
n

in
g 

of
 t

h
is

 c
h

ap
te

r.
 W

ri
te

 n
ot

es
 t

o 
in

d
ic

at
e 

an
y 

sp
ec

if
ic

at
io

n
s 

th
at

 a
re

 
n

ot
 m

et
.

Th
er

e 
sh

ou
ld

 b
e 

th
re

e 
st

ep
s 

in
st

ea
d 

of
 t

wo
. T

he
 (h

or
iz

on
ta

l) 
le

ng
th

 o
f 

th
e 

ba
se

  

sh
ou

ld
 b

e 
2 

40
0 

m
m

 in
st

ea
d 

of
 2

 4
33

 m
m

. T
he

 w
id

th
 o

f 
th

e 
st

ai
rs

 s
ho

ul
d 

be

1 
20

0 
m

m
 in

st
ea

d 
of

 1
 0

00
 m

m
. T

he
re

 s
ho

ul
d 

be
 a

 h
an

dr
ai

l.
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2.
 

D
ra

w
 a

 f
ir

st
-a

n
gl

e 
or

th
og

ra
p

h
ic

 p
ro

je
ct

io
n

 o
f 

yo
u

r 
ow

n
 d

es
ig

n
 o

f 
th

e 
st

ai
r/

ra
m

p
, 

ac
co

rd
in

g 
to

 t
h

e 
sp

ec
if

ic
at

io
n

s 
gi

ve
n

 a
t 

th
e 

be
gi

n
n

in
g 

of
 t

h
e 

ch
ap

te
r.

 N
ot

e 
th

at
 

th
e 

sp
ec

if
ic

at
io

n
s 

re
q

u
ir

e 
th

re
e 

st
ep

s.
 D

ra
w

 t
h

e 
to

p
 v

ie
w

, a
 s

id
e 

vi
ew

 f
ro

m
 t

h
e 

ra
m

p
 s

id
e,

 a
n

d
 a

 f
ro

n
t 

vi
ew

 a
s 

a 
p

er
so

n
 t

h
at

 a
p

p
ro

ac
h

es
 t

h
e 

st
ai

rs
 t

o 
cl

im
b 

th
em

 w
il

l s
ee

 t
h

e 
st

ai
rs

 o
r 

ra
m

p
. Y

ou
 d

o 
n

ot
 h

av
e 

to
 d

ra
w

 t
h

e 
h

an
d

ra
il

 a
s 

w
el

l.
 

M
ak

e 
al

l t
h

e 
d

ra
w

in
gs

 t
o 

ex
ac

t 
m

ea
su

re
m

en
ts

, b
u

t 
ke

ep
 in

 m
in

d
 t

h
at

 if
 y

ou
 

d
ra

w
 t

h
em

 f
u

ll
 s

iz
e,

 t
h

ey
 w

il
l n

ot
 f

it
 o

n
 t

h
e 

p
ap

er
. S

o 
th

in
k 

of
 a

 s
ca

le
 t

h
at

 w
il

l f
it

 
on

 a
 s

h
ee

t 
of

 A
4 

p
ap

er
. M

ar
k 

th
e 

re
al

 m
ea

su
re

m
en

ts
 o

n
 a

ll
 t

h
e 

si
d

es
.

Th
e 

ill
us

tr
at

io
n 

be
lo

w 
is

 t
he

 a
cc

ur
at

e 
or

th
og

ra
ph

ic
 d

ra
wi

ng
 a

cc
or

di
ng

 t
o 

th
e 

 
sp

ec
if

ic
at

io
ns

 o
n 

pa
ge

 1
6,

 e
xc

ep
t 

th
at

 t
he

 h
an

dr
ai

l i
s 

no
t 

sh
ow

n.
 C

he
ck

 t
he

 le
ar

n-
er

s’ 
dr

aw
in

gs
 a

nd
 m

ak
e 

su
re

 t
he

y 
ha

ve
 d

ra
wn

 a
ll 

th
re

e 
vi

ew
s,

 t
ha

t 
th

ey
 h

av
e 

pu
t 

al
l 

th
e 

di
m

en
si

on
s 

in
 a

cc
ur

at
el

y,
 a

nd
 t

ha
t 

th
e 

sc
al

e 
is

 s
ho

wn
.

N
ex

t 
w

ee
k

In
 t

h
e 

n
ex

t 
ch

ap
te

r,
 y

ou
 w

il
l l

ea
rn

 m
or

e 
ab

ou
t 

d
if

fe
re

n
t 

ki
n

d
s 

of
 f

or
ce

s 
th

at
 m

ay
 

d
am

ag
e 

th
e 

th
in

gs
 w

e 
bu

il
d

. Y
ou

 w
il

l a
ls

o 
le

ar
n

 h
ow

 m
at

er
ia

ls
 c

an
 b

e 
m

ad
e 

st
ro

n
ge

r,
 s

o 
th

at
 t

h
ey

 c
an

 w
it

h
st

an
d

 f
or

ce
s 

th
at

 a
ct

 o
n

 t
h

em
.
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C
h

a
p

te
r

 3
St

ru
ct

u
re

s,
 f

o
rc

es
 a

n
d

 
m

at
er

ia
ls

 

3.
1 

Fo
rc

es
 a

ct
 in

 d
iff

er
en

t p
la

ce
s 

 ..
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

.3
0

3.
2 

Fo
rc

es
 a

ct
 in

 d
iff

er
en

t w
ay

s 
 ..

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...
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3.
3 

Di
ffe

re
nt

 m
at

er
ia

ls
 fo

r 
di

ffe
re

nt
 p

ur
po

se
s 

 ..
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

...
...

..
40

Fi
gu

re
 1

: T
hi

s 
br

id
ge

 c
an

no
t w

ith
st

an
d 

th
e 

fo
rc

es
 a

ct
in

g 
on

 it
.

M
at

er
ia

ls
 n

ee
de

d 
fo

r 
th

is
 c

ha
pt

er
:

12
 s

he
et

s 
of

 u
nf

ol
de

d,
 u

se
d 

w
rit

in
g 

pa
pe

r 

gl
ue

 o
r 

st
ic

ky
 ta

pe

K
ey

 c
on

ce
pt

s 
in

 th
is

 c
ha

pt
er

:

• 
th

e 
di

st
in

ct
io

n 
be

tw
ee

n 
st

at
ic

 a
nd

 d
yn

am
ic

 lo
ad

s 
(s

ec
tio

n 
3.

1)

• 
th

e 
di

st
in

ct
io

n 
be

tw
ee

n 
ev

en
 a

nd
 u

ne
ve

n 
di

st
rib

ut
io

n 
of

 lo
ad

s 
(s

ec
tio

n 
3.

1)

• 
di

ffe
re

nt
 w

ay
s 

in
 w

hi
ch

 fo
rc

es
 c

an
 a

ct
 o

n 
st

ru
ct

ur
al

 e
le

m
en

ts
 (s

ec
tio

n 
3.

2)

• 
di

ffe
re

nt
 p

ro
pe

rt
ie

s 
of

 m
at

er
ia

ls
 (s

ec
tio

n 
3.

3)

3.
1 

Fo
rc

es
 a

ct
 i

n 
di

ff
er

en
t 

pl
ac

es
In

 th
e 

fir
st

 le
ss

on
 th

e 
m

at
er

ia
ls

 p
ro

vi
de

 a
 r

an
ge

 o
f p

ic
tu

re
s 

th
at

 le
ar

ne
rs

 n
ee

d 
to

 s
tu

dy
 c

lo
se

ly
 

an
d 

th
en

 a
ns

w
er

 th
e 

qu
es

tio
ns

. L
ea

rn
er

s 
do

 n
ot

 n
ec

es
sa

ril
y 

pa
y 

cl
os

e 
at

te
nt

io
n 

to
 p

ic
tu

re
s,

 b
ut

 
lo

ok
in

g 
cl

os
el

y 
at

 o
bj

ec
ts

, p
ic

tu
re

s 
an

d 
di

ag
ra

m
s 

is
 a

 v
er

y 
im

po
rt

an
t f

ou
nd

at
io

na
l h

ab
it 

an
d 

sk
ill 

fo
r 

te
ch

no
lo

gi
ca

l a
ct

iv
ity

. 

So
m

e 
su

gg
es

tio
ns

 fo
r 

ad
di

tio
na

l e
xp

la
na

tio
ns

 a
re

 g
iv

en
 b

el
ow

.

Al
th

ou
gh

 w
e 

ca
nn

ot
 s

ee
 fo

rc
es

, w
e 

ca
n 

fe
el

 th
em

 a
ct

in
g.

 F
or

 e
xa

m
pl

e,
 w

he
n 

th
e 

w
in

d 
is

 
bl

ow
in

g 
an

d 
yo

u 
tr

y 
to

 o
pe

n 
th

e 
ca

r 
do

or
. A

 b
ed

 is
 a

 g
oo

d 
ex

am
pl

e 
to

 u
se

 w
he

n 
ex

pl
ai

ni
ng

 th
e 

di
ffe

re
nc

e 
be

tw
ee

n 
a 

st
at

ic
 fo

rc
e 

an
d 

a 
dy

na
m

ic
 fo

rc
e.

 A
 b

ed
 is

 s
tro

ng
 e

no
ug

h 
to

 s
up

po
rt

 
th

e 
st

at
ic

 fo
rc

e 
ex

er
te

d 
by

 y
ou

r 
w

ei
gh

t a
s 

yo
u 

sl
ee

p.
 If

 y
ou

 ju
m

p 
up

 a
nd

 d
ow

n 
on

 th
e 

be
d,

 y
ou

r 
m

ov
in

g 
bo

dy
 e

xe
rt

s 
a 

dy
na

m
ic

 fo
rc

e.
 E

ve
n 

th
ou

gh
 y

ou
r 

bo
dy

 h
as

 th
e 

sa
m

e 
w

ei
gh

t, 
it 

ex
er

ts
 a

 
gr

ea
te

r 
fo

rc
e 

on
 th

e 
be

d 
w

he
n 

yo
u 

la
nd

 a
fte

r 
ju

m
pi

ng
 u

p.
 A

s 
a 

re
su

lt 
th

e 
be

d 
m

ay
 b

re
ak

. T
hi

s 
is

 a
n 

ex
am

pl
e 

of
 a

 fo
rc

e 
th

at
 is

 d
yn

am
ic

 in
 th

e 
se

ns
e 

th
at

 it
 a

ct
s 

in
te

rm
itt

en
tly

 a
t t

he
 s

am
e 

pl
ac

e.
 In

 a
 h

am
m

er
 d

ril
l, 

an
 in

te
rm

itt
en

t f
or

ce
 is

 u
se

d 
to

 p
ro

du
ce

 a
 d

es
ire

d 
ef

fe
ct

 (e
.g

. b
re

ak
in

g 
co

nc
re

te
).

In
 th

e 
le

ar
ne

r 
te

xt
, F

ig
ur

es
 5

 a
nd

 7
 p

ro
vi

de
 e

xa
m

pl
es

 o
f a

 d
iff

er
en

t w
ay

 in
 w

hi
ch

 a
 fo

rc
e 

ca
n 

ac
t 

dy
na

m
ic

al
ly,

 n
am

el
y 

w
he

n 
th

e 
po

in
t o

f i
m

pa
ct

 m
ov

es
 a

ro
un

d.
 

Dy
na

m
ic

 fo
rc

es
 c

an
 c

au
se

 s
tr

uc
tu

ra
l f

ai
lu

re
 u

nl
es

s 
th

ey
 a

re
 ta

ke
n 

in
to

 a
cc

ou
nt

 w
he

n 
st

ru
ct

ur
es

 
ar

e 
de

si
gn

ed
. T

ec
hn

ol
og

is
ts

 n
ee

d 
to

 m
ak

e 
th

ei
r 

st
ru

ct
ur

es
 e

xt
ra

 s
tro

ng
 to

 re
si

st
 d

yn
am

ic
 

fo
rc

es
.

Le
ar

ne
rs

 m
ay

 n
ee

d 
so

m
e 

su
pp

or
t t

o 
di

st
in

gu
is

h 
be

tw
ee

n 
th

e 
di

re
ct

io
n 

of
 m

ov
em

en
t o

f a
 m

ov
in

g 
ob

je
ct

, a
nd

 th
e 

di
re

ct
io

n 
of

 th
e 

fo
rc

e 
it 

ex
er

ts
 o

n 
an

ot
he

r 
ob

je
ct

. F
or

 e
xa

m
pl

e,
 th

ey
 m

ay
 b

e 
as

ke
d 

to
 fi

rs
t d

ra
w

 a
rr

ow
s 

on
 F

ig
ur

e 
7 

to
 s

ho
w

 th
e 

di
re

ct
io

n 
of

 m
ov

em
en

t o
f t

he
 tw

o 
ve

hi
cl

es
, 

an
d 

th
en

 to
 d

ra
w

 a
rr

ow
s 

to
 s

ho
w

 th
e 

di
re

ct
io

n 
of

 th
e 

fo
rc

es
 e

xe
rt

ed
 b

y 
th

e 
ve

hi
cl

es
 o

n 
th

e 
br

id
ge

.

W
he

n 
de

si
gn

in
g 

st
ru

ct
ur

es
, y

ou
 n

ee
d 

to
 c

on
si

de
r 

th
e 

po
ss

ib
ilit

y 
of

 u
ne

ve
n 

lo
ad

s.
 U

ne
ve

n 
lo

ad
s 

ar
e 

de
m

on
st

ra
te

d 
in

 F
ig

ur
e 

8 
(b

el
ow

) a
nd

 F
ig

ur
e 

9 
on

 p
ag

e 
26

 o
f t

he
 L

ea
rn

er
 B

oo
k.

LB
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e 
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 3.
2 

Fo
rc

es
 a

ct
 i

n 
di

ff
er

en
t 

w
ay

s
A 

va
rie

ty
 o

f p
ra

ct
ic

al
 a

ct
iv

iti
es

 a
re

 d
es

cr
ib

ed
 in

 th
e 

te
xt

 fo
r 

le
ar

ne
rs

, t
o 

pr
ov

id
e 

th
em

 w
ith

 
op

po
rt

un
iti

es
 to

 e
xp

er
ie

nc
e 

di
ffe

re
nt

 w
ay

s 
in

 w
hi

ch
 fo

rc
es

 c
an

 a
ct

. W
e 

ca
nn

ot
 s

ee
 fo

rc
es

, b
ut

 
w

e 
ca

n 
fe

el
 th

em
 in

 o
ur

 b
od

y.
 T

ea
ch

er
s 

m
ay

 u
se

 th
e 

id
ea

s 
be

lo
w

 in
 d

is
cu

ss
io

ns
 w

ith
 le

ar
ne

rs
.

Te
ns

io
n:

 Y
ou

 c
an

 fe
el

 a
 te

ns
io

n 
fo

rc
e 

w
he

n 
yo

u 
lin

k 
yo

ur
 h

an
ds

 to
ge

th
er

 a
nd

 p
ul

l.

To
rs

io
n:

 Y
ou

 c
an

 fe
el

 a
 to

rs
io

n 
fo

rc
e 

if 
yo

u 
gr

ip
 th

e 
th

um
b 

of
 y

ou
r 

rig
ht

 h
an

d 
in

si
de

 th
e 

pa
lm

 o
f 

th
e 

le
ft 

ha
nd

 a
nd

 tw
is

t. 
Yo

u 
w

ill 
fe

el
 th

at
 th

e 
le

ft 
ha

nd
 is

 tu
rn

in
g 

in
 o

ne
 d

ire
ct

io
n 

an
d 

th
e 

rig
ht

 
ha

nd
 is

 tu
rn

in
g 

in
 th

e 
op

po
si

te
 d

ire
ct

io
n.

 

Co
m

pr
es

si
on

: Y
ou

 c
an

 fe
el

 a
 c

om
pr

es
si

on
 fo

rc
e 

w
he

n 
yo

u 
pu

sh
 y

ou
r 

ha
nd

s 
to

ge
th

er
.

Sh
ea

r:
 If

 th
e 

pa
lm

s 
of

 y
ou

r 
ha

nd
s 

ar
e 

di
rt

y 
fro

m
 g

ar
de

ni
ng

, y
ou

 c
an

 c
le

an
 th

e 
so

il 
of

f b
y 

ru
bb

in
g 

th
em

 to
ge

th
er

. Y
ou

r 
ha

nd
s 

ar
e 

m
ov

in
g 

in
 o

pp
os

ite
 d

ire
ct

io
ns

 a
nd

 e
xe

rt
in

g 
a 

sh
ea

r 
fo

rc
e 

on
 y

ou
r 

sk
in

 th
at

 s
cr

ap
es

 o
ff 

th
e 

so
il.

Be
nd

in
g:

 Y
ou

 c
an

 fe
el

 a
 b

en
di

ng
 fo

rc
e 

by
 h

ol
di

ng
 th

e 
en

ds
 o

f a
 r

ul
er

 in
 b

ot
h 

ha
nd

s 
an

d 
m

ak
in

g 
it 

cu
rv

e.
 T

he
 fo

rc
es

 e
xe

rte
d 

by
 y

ou
r h

an
ds

 a
re

 m
ov

in
g 

in
 o

pp
os

ite
 d

ire
ct

io
ns

 a
nd

 to
w

ar
ds

 e
ac

h 
ot

he
r.

3.
3 

D
if

fe
re

nt
 m

at
er

ia
ls

 f
or

 d
if

fe
re

nt
 p

ur
po

se
s

In
 th

is
 le

ss
on

, l
ea

rn
er

s 
en

ga
ge

 w
ith

 p
ic

tu
re

s,
 te

xt
, p

ra
ct

ic
al

 a
ct

iv
iti

es
 a

nd
 a

ns
w

er
s,

 to
 le

ar
n 

th
at

 d
iff

er
en

t m
at

er
ia

ls
 h

av
e 

di
ffe

re
nt

 p
ro

pe
rt

ie
s.

 T
he

se
 p

ro
pe

rt
ie

s 
ar

e:
 fl

ex
ib

le
/s

tif
f; 

ha
rd

/s
of

t; 
de

ns
e/

le
ss

 d
en

se
; c

or
ro

di
ng

/n
ot

 c
or

ro
di

ng
.

M
os

t o
f t

he
se

 p
ro

pe
rt

ie
s 

ar
e 

ea
sy

 to
 u

nd
er

st
an

d,
 b

ut
 th

e 
id

ea
 o

f d
en

si
ty

 m
ay

 b
e 

di
ffi

cu
lt 

fo
r 

le
ar

ne
rs

. P
ac

ki
ng

 c
lo

th
es

 in
to

 a
 s

ui
tc

as
e 

is
 a

 h
el

pf
ul

 w
ay

 to
 th

in
k 

ab
ou

t d
en

si
ty

: 

Im
ag

in
e 

th
er

e 
ar

e 
tw

o 
pe

op
le

 g
oi

ng
 o

n 
ho

lid
ay

, e
ac

h 
pe

rs
on

 h
as

 th
e 

sa
m

e 
si

ze
 s

ui
tc

as
e.

 O
ne

 p
er

so
n 

th
ro

w
s 

hi
s 

cl
ot

he
s 

in
to

 h
is

 s
ui

tc
as

e 
an

d 
th

en
 fi

nd
s 

it 
di

ffi
cu

lt 
to

 g
et

 e
ve

ry
th

in
g 

in
! T

he
 o

th
er

 is
 a

 c
ar

ef
ul

 
pa

ck
er

 a
nd

 fo
ld

s 
ev

er
yt

hi
ng

 fi
rs

t. 
Sh

e 
ge

ts
 fa

r m
or

e 
cl

ot
he

s 
in

. W
he

n 
th

ey
 a

re
 re

ad
y 

to
 g

o,
 h

er
 

su
itc

as
e 

is
 m

uc
h 

he
av

ie
r t

ha
n 

hi
s,

 e
ve

n 
th

ou
gh

 th
e 

ca
se

s 
ar

e 
th

e 
sa

m
e 

si
ze

. H
er

 s
ui

tc
as

e 
is

 d
en

se
r!

Fi
gu

re
 2

: I
f t

he
 h

ou
se

 is
 n

ot
 s

tro
ng

 e
no

ug
h,

 th
e 

w
in

d 
m

ay
 b

re
ak

 it
 a

pa
rt

.

Fi
gu

re
 3

: R
oo

f s
he

et
s 

co
m

e 
in

 d
iff
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t 
sh

ap
es
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Fi
gu

re
 7

: 
Ve

hi
cl

es
 p

as
si

ng
 o

ve
r a

 b
rid

ge
.

A
s 

lo
n

g 
as

 a
 p

er
so

n
 s

it
s 

st
il

l o
n

 a
 c

h
ai

r,
 t

h
e 

fo
rc

e 
on

 
th

e 
ch

ai
r 

re
m

ai
n

s 
in

 t
h

e 
sa

m
e 

p
la

ce
. T

h
is

 is
 c

al
le

d
 a

 
st

at
io

n
ar

y 
or

 a
 s

ta
ti

c 
fo

rc
e.

 

3.
 

In
 F

ig
u

re
 7

 a
bo

ve
, t

h
e 

tr
u

ck
 a

n
d

 t
h

e 
ca

r 
ex

er
t 

fo
rc

es
 o

n
 t

h
e 

br
id

ge
. C

an
 t

h
es

e 
fo

rc
es

 a
ls

o 
be

 c
al

le
d

 s
ta

ti
c?

 E
xp

la
in

 w
h

y 
yo

u
 s

ay
 s

o.

N
o,

 b
ec

au
se

 t
he

 v
eh

ic
le

s 
ar

e 
m

ov
in

g.
 T

he
 f

or
ce

s 
ar

e 
no

t 
st

at
ic

.

W
h

en
 a

 m
ov

in
g 

ob
je

ct
 e

xe
rt

s 
a 

fo
rc

e 
on

 a
n

ot
h

er
 

ob
je

ct
, y

ou
 c

an
 s

ay
 t

h
at

 t
h

e 
fo

rc
e 

is
 d

yn
am

ic
.

4.
 

In
 e

ac
h

 o
f 

th
e 

fo
ll

ow
in

g 
ca

se
s,

 s
ta

te
 w

h
et

h
er

 t
h

e 
fo

rc
e 

ex
er

te
d

 o
n

 t
h

e 
ta

bl
e 

is
 

st
at

ic
 o

r 
d

yn
am

ic
. E

xp
la

in
 w

h
y 

yo
u

 s
ay

 s
o 

in
 e

ac
h

 c
as

e.
(a

) A
 p

ot
 o

f 
fl

ow
er

s 
st

an
d

in
g 

on
 t

h
e 

ta
bl

e.

  S
ta

ti
c,

 b
ec

au
se

 t
he

 p
ot

 is
 n

ot
 m

ov
in

g

(b
) 

A
 c

at
 w

al
ki

n
g 

on
 t

h
e 

ta
bl

e.

  D
yn

am
ic

, b
ec

au
se

 t
he

 c
at

 is
 m

ov
in

g

(c
) 

A
 b

oy
 r

ol
li

n
g 

a 
so

cc
er

 b
al

l o
ve

r 
th

e 
ta

bl
e.

  D
yn

am
ic

, b
ec

au
se

 t
he

 b
al

l i
s 

m
ov

in
g

(d
) A

 m
an

 s
cr

u
bb

in
g 

th
e 

ta
bl

e.

  D
yn

am
ic

, b
ec

au
se

 t
he

 m
an

’s 
ha

nd
 is

 m
ov

in
g

3.
1 

Fo
rc

es
 a

ct
 i

n 
di

ff
er

en
t 

pl
ac

es

Id
en

ti
fy

 a
n

d
 a

n
al

ys
e 

fo
rc

es
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T
h

e 
w

ei
gh

t 
of

 t
h

e 
bo

y 
in

 F
ig

u
re

 4
 p

re
ss

es
 d

ow
n

 o
n

 
th

e 
ch

ai
r 

as
 t

h
e 

ar
ro

w
 s

h
ow

s.
W

h
en

 o
n

e 
ob

je
ct

 p
u

sh
es

 a
ga

in
st

 a
n

ot
h

er
 o

bj
ec

t,
 

w
e 

sa
y 

th
at

 a
 f

or
ce

 is
 e

x
er

te
d

 o
n

 t
h

e 
ob

je
ct

. 
In

 t
h

is
 c

as
e,

  y
ou

 c
an

 s
ay

 t
h

at
 t

h
e 

bo
y 

ex
er

ts
 a

 
d

ow
n

w
ar

d
 f

or
ce

 o
n

 t
h

e 
ch

ai
r,

 o
r 

th
at

 t
h

er
e 

is
 a

 
d

ow
n

w
ar

d
 lo

ad
 o

n
 t

h
e 

ch
ai

r.
1.

 
W

or
k 

in
 p

ai
rs

. I
n

 e
ac

h
 o

f 
th

e 
p

ic
tu

re
s 

on
 t

h
is

 
p

ag
e 

an
d

 t
h

e 
n

ex
t,

 s
h

ow
 y

ou
r 

p
ar

tn
er

 h
ow

 t
h

e 
lo

ad
 a

ct
s 

on
 t

h
e 

st
ru

ct
u

re
.

Th
e 

re
d 

ar
ro

ws
 in

 e
ac

h 
pi

ct
ur

e 
sh

ow
 t

he
 a

ns
we

rs
.

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  

Fi
gu

re
 5

: A
 m

an
 w

al
ki

ng
 o

n 
a 

ro
of

.  
   

   
   

   
Fi

gu
re

 6
: A

 s
ol

ar
 h

ea
tin

g 
sy

st
em

 o
n 

a 
ro

of

2.
 

(a
) I

s 
th

e 
lo

ad
 o

n
 t

h
e 

ro
of

 in
 F

ig
u

re
 5

 a
lw

ay
s 

in
 t

h
e 

sa
m

e 
p

la
ce

? 
 

W
h

y 
d

o 
yo

u
 s

ay
 s

o?

  N
o,

 b
ec

au
se

 t
he

 m
an

 is
 m

ov
in

g 
ar

ou
nd

(b
) I

s 
th

e 
lo

ad
 o

n
 t

h
e 

ro
of

 in
 F

ig
u

re
 6

 a
lw

ay
s 

in
 t

h
e 

sa
m

e 
p

la
ce

? 
W

h
y 

d
o 

yo
u

 s
ay

 
so

?

  Y
es

, b
ec

au
se

 t
he

 s
ol

ar
 h

ea
te

r 
is

 f
ix

ed
 o

r 
st

at
ic

  

(c
) 

A
re

 t
h

e 
lo

ad
s 

on
 t

h
e 

br
id

ge
 in

 F
ig

u
re

 7
 a

lw
ay

s 
in

 t
h

e 
sa

m
e 

p
la

ce
? 

W
h

y 
d

o 
yo

u
 s

ay
 s

o?

  N
o,

 b
ec

au
se

 t
he

 v
eh

ic
le

s 
ar

e 
m

ov
in

g

Fi
gu

re
 4

: T
he

 b
oy

 s
its

 s
til

l o
n 

th
e 

ch
ai

r.
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5.
 

W
h

at
 is

 t
h

e 
d

if
fe

re
n

ce
 b

et
w

ee
n

 t
h

e 
lo

ad
s 

ex
er

te
d

 o
n

 t
h

e 
tw

o 
ta

bl
es

 b
el

ow
?

Th
e 

po
ts

 a
re

 p
ile

d 
to

ge
th

er
 o

n 
th

e 
le

ft
-h

an
d 

ta
bl

e,
 s

o 
th

e 
lo

ad
 is

 in
 o

ne
 p

la
ce

. 

O
n 

th
e 

ri
gh

t-
ha

nd
 t

ab
le

, t
he

 lo
ad

 is
 s

pr
ea

d 
ou

t.

Fi
gu

re
 8

: D
iff

er
en

t w
ay

s 
to

 p
la

ce
 p

ot
s 

on
 a

 ta
bl

e.

A
 lo

ad
 t

h
at

 e
xe

rt
s 

an
 e

q
u

al
 f

or
ce

 o
ve

r 
th

e 
w

h
ol

e 
st

ru
ct

u
re

 t
h

at
 s

u
p

p
or

ts
 it

, i
s 

ca
ll

ed
 a

n
 e

ve
n

 lo
ad

. 
A

 lo
ad

 t
h

at
 m

ai
n

ly
 e

xe
rt

s 
a 

fo
rc

e 
on

 o
n

e 
p

ar
t 

of
 t

h
e 

st
ru

ct
u

re
 t

h
at

 s
u

p
p

or
ts

 it
, i

s 
ca

ll
ed

 a
n

 u
n

ev
en

 lo
ad

.

Fi
gu

re
 9

: 
Di

ffe
re

nt
 k

in
ds

 o
f l

oa
d 

on
 tw

o 
tru

ck
s.

A
 lo

ad
 t

h
at

 e
xe

rt
s 

an
 e

q
u

al
 f

or
ce

 o
ve

r 
th

e 
w

h
ol

e 
st

ru
ct

u
re

 t
h

at
 s

u
p

p
or

ts
 it

, i
s 

ca
ll

ed
 a

n
 e

ve
n

 lo
ad

. 
A

 lo
ad

 t
h

at
 m

ai
n

ly
 e

xe
rt

s 
a 

fo
rc

e 
on

 o
n

e 
p

ar
t 

of
 t

h
e 

st
ru

ct
u

re
 t

h
at

 s
u

p
p

or
ts

 it
, i

s 
ca

ll
ed

 a
n

 u
n

ev
en

 lo
ad

.

6.
 

T
h

in
k 

of
 a

 h
ou

se
 w

it
h

 a
 z

in
c 

ro
of

 a
n

d
 t

h
e 

fo
rc

es
 t

h
at

 t
h

e 
sh

ee
ts

 e
xe

rt
 o

n
 t

h
e 

ro
of

 s
tr

u
ct

u
re

. 
(a

) I
s 

th
e 

lo
ad

 e
ve

n
 o

r 
u

n
ev

en
? 

W
h

y 
d

o 
yo

u
 s

ay
 s

o?

 T
he

 lo
ad

 is
 e

ve
n 

be
ca

us
e 

it
 is

 s
pr

ea
d 

ou
t 

al
l o

ve
r 

th
e 

ro
of

.

(b
) I

s 
th

e 
lo

ad
 s

ta
ti

c 
or

 d
yn

am
ic

? 
W

h
y 

d
o 

yo
u

 s
ay

 s
o?

 T
he

 lo
ad

 is
 s

ta
ti

c 
be

ca
us

e 
th

e 
sh

ee
ts

 o
f 

zi
nc

 d
o 

no
t 

m
ov

e 
ar

ou
nd

.

7.
 

T
h

in
k 

of
 p

eo
p

le
 c

li
m

bi
n

g 
u

p
 a

n
d

 d
ow

n
 w

oo
d

en
 s

te
p

s.
(a

)  
Is

 t
h

e 
lo

ad
 e

ve
n

 o
r 

u
n

ev
en

? 
W

h
y 

d
o 

yo
u

 s
ay

 s
o?

Th
e 

lo
ad

 is
 u

ne
ve

n 
be

ca
us

e 
th

e 
pe

rs
on

 is
 s

ta
nd

in
g 

on
 o

ne
 s

m
al

l p
ar

t 
of

 t
he

st
ep

s 
ea

ch
 t

im
e.

(b
) I

s 
th

e 
lo

ad
 s

ta
ti

c 
or

 d
yn

am
ic

? 
W

h
y 

d
o 

yo
u

 s
ay

 s
o?

Th
e 

lo
ad

 is
 d

yn
am

ic
 b

ec
au

se
 t

he
 w

ei
gh

t 
of

 t
he

 p
er

so
n 

is
 m

ov
in

g 
fr

om
 o

ne
 s

te
p

to
 a

no
th

er
.

8.
 

Y
ou

 h
av

e 
to

 d
es

ig
n

 t
w

o 
w

oo
d

en
 t

ab
le

s,
 a

n
d

 y
ou

 a
re

 r
eq

u
es

te
d

 t
o 

u
se

 a
s 

li
tt

le
 

w
oo

d
 a

s 
p

os
si

bl
e.

 F
or

 t
h

e 
on

e 
ta

bl
e,

 t
h

e 
d

es
ig

n
 b

ri
ef

 s
ta

te
s 

th
at

 t
h

e 
lo

ad
 o

n
 

th
e 

ta
bl

e 
w

il
l a

lw
ay

s 
be

 s
ta

ti
c 

an
d

 e
ve

n
. T

h
e 

d
es

ig
n

 b
ri

ef
 f

or
 t

h
e 

ot
h

er
 t

ab
le

 
st

at
es

 t
h

at
 it

 h
as

 t
o 

ca
rr

y 
th

e 
sa

m
e 

w
ei

gh
t 

as
 t

h
e 

fi
rs

t 
ta

bl
e,

 b
u

t 
th

e 
lo

ad
 w

il
l 

so
m

et
im

es
 b

e 
d

yn
am

ic
 a

n
d

 u
n

ev
en

. D
es

cr
ib

e 
h

ow
 y

ou
r 

d
es

ig
n

s 
fo

r 
th

e 
tw

o 
ta

bl
es

 w
il

l d
if

fe
r,

 a
n

d
 e

xp
la

in
 w

h
y.

Th
e 

ta
bl

e 
wi

th
 a

 d
yn

am
ic

 lo
ad

 n
ee

ds
 t

o 
be

 s
tr

on
ge

r 
th

an
 t

he
 t

ab
le

 w
it

h 
a 

st
at

ic

lo
ad

, b
ec

au
se

 t
he

 f
or

ce
 o

f 
a 

dy
na

m
ic

 lo
ad

 is
 g

re
at

er
 t

ha
n 

th
e 

fo
rc

e 
of

 a
 s

ta
ti

c 
lo

ad
.

Th
e 

sa
m

e 
ta

bl
e 

ha
s 

to
 s

up
po

rt
 a

n 
un

ev
en

 lo
ad

. T
hi

s 
m

ea
ns

 t
ha

t 
th

e 
lo

ad
 m

ay

so
m

et
im

es
 b

e 
cl

os
e 

to
 t

he
 e

dg
e 

of
 t

he
 t

ab
le

, a
nd

 t
he

 t
ab

le
 c

ou
ld

 t
op

pl
e 

ov
er

. T
o

st
op

 t
he

 t
ab

le
 f

ro
m

 t
op

pl
in

g 
ov

er
, t

he
 le

gs
 n

ee
d 

to
 b

e 
as

 f
ar

 a
pa

rt
 a

s 
po

ss
ib

le
.

O
r 

th
e 

le
gs

 c
an

 b
e 

bu
ilt

 a
t 

an
 a

ng
le

 s
o 

th
at

 t
he

y 
po

in
t 

aw
ay

 f
ro

m
 t

he
 t

ab
le

.
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3.
2 

Fo
rc

es
 a

ct
 i

n 
di

ff
er

en
t 

w
ay

s

Fo
rc

es
 c

an
 a

ct
 in

 t
h

e 
fo

ll
ow

in
g 

w
ay

s 
on

 s
tr

u
ct

u
re

s 
or

 
p

ar
ts

 o
f 

st
ru

ct
u

re
s:

• 
te

n
si

on
, 

• 
to

rs
io

n
, 

• 
co

m
p

re
ss

io
n

, 
• 

sh
ea

r,
 a

n
d

• 
be

n
d

in
g.

T
h

e 
d

if
fe

re
n

t 
p

ie
ce

s 
of

 a
 f

ra
m

e 
st

ru
ct

u
re

 a
re

 c
al

le
d

 
se

ct
io

n
s,

 e
le

m
en

ts
 o

r 
m

em
be

rs
 o

f 
th

e 
st

ru
ct

u
re

.
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M
ak

e 
si

x 
p

ap
er

 t
u

be
s 

by
 r

ol
li

n
g 

sh
ee

ts
 o

f 
u

se
d

 w
ri

ti
n

g 
p

ap
er

. U
se

 g
lu

e 
or

 t
ap

e 
to

 
p

re
ve

n
t 

th
e 

tu
be

s 
fr

om
 u

n
ro

ll
in

g.

Fi
gu

re
 1

1

1.
 

Pu
t 

yo
u

r 
h

an
d

s 
on

 b
ot

h
 e

n
d

s 
of

 a
 t

u
be

 a
n

d
 p

u
sh

 t
h

em
 t

ow
ar

d
s 

ea
ch

 o
th

er
. 

W
h

en
 y
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ag

ai
n

st
 y

ou
r 

d
es

k 
fr

om
 w

h
en

 
yo

u
 p

re
ss

ed
 y

ou
r 

fi
n

ge
r 

ag
ai

n
st

 y
ou

r 
ar

m
?

Th
e 

sk
in

 o
f 

th
e 

ar
m

 is
 s

of
t.

 I
t 

si
nk

s 
in

 a
nd

 t
he

n 
po

ps
 o

ut
 a

ga
in

. B
ut

 t
he

 d
es

k 
is

 

ha
rd

 a
nd

 d
oe

s 
no

t 
gi

ve
 w

ay
.

5.
 

W
h

en
 y

ou
 p

re
ss

 y
ou

r 
fi

n
ge

r 
ag

ai
n

st
 a

 b
ag

 o
f 

sa
n

d
, w

il
l i

t 
be

 t
h

e 
sa

m
e 

as
 a

ga
in

st
 

yo
u

r 
d

es
k 

or
 a

rm
?

Sa
m

e 
as

 t
he

 a
rm

, b
ut

 it
 m

ay
 n

ot
 p

op
 o

ut
 a

ga
in

.

B
ri

ck
s 

ar
e 

m
ad

e 
by

 b
ak

in
g 

cl
ay

 u
n

ti
l i

t 
is

 h
ar

d
. 

6.
 

(a
) T

h
in

k 
of

 a
 b

ri
ck

 a
n

d
 a

 p
ie

ce
 o

f 
fo

am
 p

la
st

ic
 t

h
at

 is
 t

h
e 

sa
m

e 
si

ze
 a

s 
th

e 
br

ic
k 

 
(l

ik
e 

th
e 

fo
am

 u
se

d
 in

 m
at

tr
es

se
s)

. W
h

ic
h

 is
 e

as
ie

r 
to

 p
ic

k 
u

p
?

 T
he

 f
oa

m

So
m

e 
m

at
er

ia
ls

 a
re

 h
ar

d,
 a

nd
 

so
m

e 
m

at
er

ia
ls

 a
re

 s
of

t.

(b
) H

ow
 m

an
y 

br
ic

ks
 d

o 
yo

u
 t

h
in

k 
yo

u
 c

an
 c

ar
ry

 e
as

il
y 

if
 y

ou
 p

u
t 

th
em

 in
 a

 b
ox

 
to

 c
ar

ry
 o

n
 y

ou
r 

sh
ou

ld
er

?

  N
ot

 m
or

e 
th

an
 f

iv
e

(c
) 

H
ow

 m
an

y 
p

ie
ce

s 
of

 f
oa

m
 p

la
st

ic
 o

f 
th

e 
sa

m
e 

si
ze

 d
o 

yo
u

 t
h

in
k 

yo
u

 c
an

 
ca

rr
y 

ea
si

ly
 if

 y
ou

 p
u

t 
th

em
 in

 a
 b

ox
 t

o 
ca

rr
y 

on
 y

ou
r 

sh
ou

ld
er

?

  N
ot

 m
or

e 
th

an
 f

iv
e

A
 b

ri
ck

 is
 m

u
ch

 h
ea

vi
er

 t
h

an
 a

 p
ie

ce
 o

f 
fo

am
 p

la
st

ic
 o

f 
th

e 
sa

m
e 

si
ze

.
O

n
e 

d
if

fe
re

n
ce

 b
et

w
ee

n
 b

ak
ed

 c
la

y 
an

d
 f

oa
m

 p
la

st
ic

 is
 t

h
at

 w
h

en
 y

ou
 

ta
ke

 p
ie

ce
s 

of
 e

q
u

al
 s

iz
e,

 t
h

e 
ba

ke
d

 c
la

y 
w

il
l b

e 
h

ea
vi

er
 t

h
an

 t
h

e 
fo

am
 

p
la

st
ic

. I
t 

w
il

l r
eq

u
ir

e 
m

or
e 

ef
fo

rt
 t

o 
p

ic
k 

it
 u

p
 o

r 
to

 c
ar

ry
 it

.
T

h
e 

d
if

fe
re

n
ce

 b
et

w
ee

n
 b

ak
ed

 c
la

y 
an

d
 f

oa
m

 p
la

st
ic

 c
an

 b
e 

d
es

cr
ib

ed
 

as
 f

ol
lo

w
s:

 B
ak

ed
 c

la
y 

h
as

 a
 h

ig
h

er
 d

en
si

ty
 t

h
an

 t
h

e 
fo

am
 p

la
st

ic
.

7.
 

(a
) W

h
at

 m
at

er
ia

l h
as

 t
h

e 
h

ig
h

er
 d

en
si

ty
, w

oo
d

 o
r 

ro
ck

?

 R
oc

k

(b
) W

h
at

 m
at

er
ia

l h
as

 t
h

e 
h

ig
h

er
 d

en
si

ty
, g

la
ss

 o
r 

p
la

st
ic

? 

 G
la

ss

Pi
ec

es
 o

f 
m

et
al

 t
h

at
 li

e 
ar

ou
n

d
 o

u
ts

id
e 

so
m

et
im

es
 

lo
ok

 b
ro

w
n

. T
h

is
 is

 c
al

le
d

 r
u

st
 o

r 
co

rr
os

io
n

. R
u

st
 is

 
fo

rm
ed

 b
y 

ch
em

ic
al

 r
ea

ct
io

n
s 

be
tw

ee
n

 t
h

e 
m

et
al

 
an

d
 o

xy
ge

n
 in

 t
h

e 
ai

r 
or

 w
at

er
. W

oo
d

 a
n

d
 g

la
ss

 d
o 

n
ot

 c
or

ro
d

e.
 R

oc
k 

th
at

 c
on

ta
in

s 
ir

on
 d

oe
s 

co
rr

od
e.

 
W

h
en

 y
ou

 w
al

k 
in

 t
h

e 
ve

ld
, y

ou
 c

an
 s

om
et

im
es

 s
ee

 
p

ie
ce

s 
of

 r
oc

k 
th

at
 h

av
e 

th
e 

sa
m

e 
sh

ad
e 

of
 b

ro
w

n
.

8.
 

Ir
on

 is
 u

se
d

 in
 t

h
e 

co
n

st
ru

ct
io

n
 o

f 
to

w
er

s,
 r

oo
fs

, c
ar

s 
an

d
 t

ru
ck

s 
an

d
 s

om
et

im
es

 
ev

en
 f

u
rn

it
u

re
. W

h
at

 c
an

 y
ou

 d
o 

to
 p

re
ve

n
t 

ir
on

 f
ro

m
 c

or
ro

d
in

g?

Pa
in

t 
it

 s
o 

th
at

 a
ir

 a
nd

 w
at

er
 c

an
no

t 
re

ac
h 

th
e 

m
et

al
.
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Co
rr

od
ed

 ro
ck

 c
an

 h
av

e 
di

ffe
re

nt
 c

ol
ou

rs
, l

ik
e 

th
os

e 
in

 th
e 

co
lo

ur
ed

 s
tr

ip
 a

t t
he

 
bo

tto
m

 o
f t

hi
s 

pa
ge

. I
n 

th
e 

pa
st

, c
ol

ou
rin

g 
fo

r 
pa

in
t w

as
 

ob
ta

in
ed

 fr
om

 c
or

ro
de

d 
ro

ck
.
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M
o

re
 a

b
o

u
t 

m
et

al
s

Th
er

e 
ar

e 
m

an
y 

di
ffe

re
nt

 m
et

al
s,

 s
uc

h 
as

 c
op

pe
r, 

iro
n,

 a
lu

m
in

iu
m

, c
hr

om
e,

 g
ol

d 
an

d 
pl

at
in

um
. I

ro
n 

is
 c

he
ap

er
 th

an
 m

os
t o

th
er

 m
et

al
s,

 b
ec

au
se

 it
 

is
 s

o 
pl

en
tif

ul
. I

t i
s 

al
so

 e
as

y 
to

 m
ak

e 
iro

n 
in

to
 

di
ffe

re
nt

 s
ha

pe
s.

 Ir
on

 is
 n

or
m

al
ly

 m
ix

ed
 w

ith
 a

 
sm

al
l a

m
ou

nt
 o

f c
ar

bo
n 

to
 fo

rm
 “

st
ee

l”,
 w

hi
ch

 is
 

m
uc

h 
st

ro
ng

er
 th

an
 p

ur
e 

iro
n.

Un
fo

rt
un

at
el

y,
 ir

on
 c

or
ro

de
s 

or
 r

us
ts

 e
as

ily
, w

hi
le

 
ot

he
r 

m
et

al
s 

do
 n

ot
 c

or
ro

de
 a

s 
ea

si
ly,

 if
 a

t a
ll.

 
Fo

r 
th

is
 re

as
on

, i
ro

n 
is

 o
fte

n 
m

ix
ed

 w
ith

 o
th

er
 

m
et

al
s,

 fo
r 

ex
am

pl
e 

ch
ro

m
e,

 to
 m

ak
e 

it 
re

si
st

an
t 

ag
ai

ns
t r

us
t. 

“S
ta

in
le

ss
 s

te
el

” 
is

 s
te

el
 th

at
 

co
nt

ai
ns

 a
 la

rg
e 

am
ou

nt
 o

f c
hr

om
e.

M
at

er
ia

ls
 in

 a
 h

o
u

se
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A
 h

ou
se

 is
 a

 g
oo

d
 e

xa
m

p
le

 o
f 

a 
st

ru
ct

u
re

 m
ad

e 
of

 m
an

y 
d

if
fe

re
n

t 
m

at
er

ia
ls

. T
o 

bu
il

d
 a

 h
ou

se
 li

ke
 t

h
e 

on
e 

be
lo

w
, y

ou
 c

an
 u

se
 b

ri
ck

s,
 c

on
cr

et
e,

 w
oo

d
 a

n
d

 s
te

el
.

Fi
gu

re
 3

0

1.
 

C
op

y 
th

e 
ta

bl
e 

be
lo

w
. D

if
fe

re
n

t 
p

ar
ts

 o
f 

th
e 

h
ou

se
 a

re
 li

st
ed

 in
 t

h
e 

le
ft

-h
an

d
 

co
lu

m
n

. I
n

 t
h

e 
ri

gh
t-

h
an

d
 c

ol
u

m
n

, f
il

l i
n

 t
h

e 
m

at
er

ia
l y

ou
 t

h
in

k 
th

at
 p

ar
t 

of
 t

h
e 

h
ou

se
 is

 m
ad

e 
of

.

Pa
rt

 o
f 

th
e 

h
ou

se
M

at
er

ia
l i

t 
is

 m
ad

e 
of

 

T
h

e 
w

al
ls

Br
ic

ks
T

h
e 

w
in

d
ow

 f
ra

m
es

M
et

al
 o

r 
wo

od
T

h
e 

d
oo

r
W

oo
d

T
h

e 
ro

of
 s

tr
u

ct
u

re
W

oo
d

T
h

e 
ro

of
 c

ov
er

Ti
le

s
T

h
e 

fe
n

ce
W

oo
d 

or
 s

te
el

T
h

e 
p

av
in

g 
ar

ou
n

d
 t

h
e 

h
ou

se
Co

nc
re

te

• 
B

u
il

d
er

s 
ch

oo
se

 b
ri

ck
s,

 c
on

cr
et

e,
 w

oo
d

 a
n

d
 m

et
al

 b
ec

au
se

 e
ac

h
 o

n
e 

is
 

u
se

fu
l i

n
 d

if
fe

re
n

t 
w

ay
s.

 Y
ou

 c
an

 s
ay

 d
if

fe
re

n
t 

m
at

er
ia

ls
 h

av
e 

d
if

fe
re

n
t 

p
ro

p
er

ti
es

.
• 

C
on

cr
et

e 
is

 h
ar

d
 a

n
d

 it
 w

il
l n

ot
 s

cr
at

ch
 e

as
il

y,
 s

o 
bu

il
d

er
s 

u
se

 it
 o

n
 h

ou
se

 
fl

oo
rs

. C
on

cr
et

e 
is

 a
ls

o 
st

if
f,

 s
o 

it
 w

il
l n

ot
 b

en
d

 w
h

en
 w

e 
w

al
k 

on
 it

. 
C

on
cr

et
e 

is
 n

ot
 d

am
ag

ed
 b

y 
w

at
er

 a
n

d
 it

 w
il

l n
ot

 r
u

st
.

• 
B

ri
ck

s 
d

o 
n

ot
 b

en
d

 a
n

d
 d

o 
n

ot
 r

u
st

, s
o 

th
ey

 a
re

 u
se

d
 t

o 
bu

il
d

 w
al

ls
.  

• 
W

oo
d

 is
 u

se
d

 in
 a

 h
ou

se
 f

or
 d

oo
rs

, w
in

d
ow

s 
an

d
 r

oo
fs

, b
ec

au
se

 it
 is

 
fl

ex
ib

le
. T

h
is

 m
ea

n
s 

th
at

 w
h

en
 y

ou
 s

la
m

 a
 d

oo
r,

 t
h

e 
w

oo
d

 b
en

d
s 

a 
li

tt
le

 
bu

t 
w

il
l n

ot
 b

re
ak

.
• 

W
oo

d
 c

an
 b

e 
d

am
ag

ed
 b

y 
w

at
er

, w
in

d
 a

n
d

 t
h

e 
h

ea
t 

of
 t

h
e 

su
n

. T
o 

p
ro

te
ct

 
w

oo
d

 a
ga

in
st

 d
am

ag
e 

an
d

 t
o 

m
ak

e 
it

 la
st

 lo
n

ge
r,

 it
 s

h
ou

ld
 b

e 
co

at
ed

 w
it

h
 

va
rn

is
h

, o
il

 o
r 

so
m

e 
ot

h
er

 p
re

se
rv

at
iv

e 
m

at
er

ia
l.

• 
St

ee
l i

s 
h

ar
d

 a
n

d
 s

tr
on

g.
 S

te
el

 is
 a

ls
o 

fl
ex

ib
le

 a
n

d
 it

 is
 n

ot
 e

as
y 

to
 c

ra
ck

 
w

it
h

 a
 h

am
m

er
. T

h
er

ef
or

e,
 s

te
el

 is
 u

se
d

 in
 s

ec
u

ri
ty

 g
at

es
. H

ow
ev

er
, 

st
ee

l i
s 

d
am

ag
ed

 b
y 

w
at

er
; t

h
is

 is
 c

al
le

d
 r

u
st

in
g 

or
 c

or
ro

si
on

. T
o 

p
re

ve
n

t 
ru

st
in

g,
 y

ou
 h

av
e 

to
 c

ov
er

 s
te

el
 w

it
h

 s
p

ec
ia

l p
ai

n
t.

2.
 

C
op

y 
th

e 
ta

bl
e 

be
lo

w
. F

il
l i

n
 w

h
ic

h
 m

at
er

ia
ls

 a
re

 u
se

d
 f

or
 t

h
e 

d
if

fe
re

n
t 

p
ar

ts
 o

f 
th

e 
h

ou
se

 in
 t

h
e 

m
id

d
le

 c
ol

u
m

n
. T

h
en

 f
il

l i
n

 t
h

e 
re

as
on

s 
w

h
y 

yo
u

 t
h

in
k 

th
at

 
m

at
er

ia
l i

s 
u

se
d

 f
or

 t
h

at
 p

ar
t 

of
 t

h
e 

h
ou

se
 in

 t
h

e 
co

lu
m

n
 o

n
 t

h
e 

ri
gh

t.

Pa
rt

 o
f 

th
e 

h
ou

se
M

at
er

ia
l

R
ea

so
n

s 
fo

r 
ch

oi
ce

 o
f 

m
at

er
ia

l

W
al

ls
Br

ic
k

Br
ic

ks
 a

re
 s

tr
on

g,
 w

at
er

 p
ro

of
, c

an
no

t 
bu

rn
, a

nd
 

do
 n

ot
 r

us
t.

W
in

d
ow

 f
ra

m
es

M
et

al
St

ee
l i

s 
st

ro
ng

 a
nd

 c
he

ap
, i

t 
ke

ep
s 

it
s 

sh
ap

e 
(u

nl
ik

e 
wo

od
 w

hi
ch

 c
an

 b
en

d 
wh

en
 it

 g
et

s 
we

t)
, 

an
d 

it
 d

oe
s 

no
t 

ne
ed

 t
o 

be
 p

ai
nt

ed
 a

s 
of

te
n 

as
 

wo
od

. H
ou

se
s 

ne
ar

 t
he

 s
ea

 c
an

no
t 

us
e 

st
ee

l 
wi

nd
ow

 f
ra

m
es

 b
ec

au
se

 t
he

y 
ru

st
 t

oo
 q

ui
ck

ly
. 

Th
ey

 h
av

e 
to

 u
se

 w
oo

d 
or

 e
xp

en
si

ve
 a

lu
m

in
iu

m
 

wi
nd

ow
 f

ra
m

es
.

LB
 p

ag
e 

35

LB
 p

ag
e 

36



C
H

A
PT

ER
 3

: S
TR

U
C

TU
R

ES
, F

O
R

C
ES

 A
N

D
 M

A
TE

R
IA

LS
TE

C
H

N
O

LO
G

Y
 G

R
A

D
E 

9 
TE

R
M

 1
44

45

D
oo

r
W

oo
d

W
oo

d 
is

 s
tr

on
g,

 c
he

ap
 a

nd
 li

gh
t,

 a
nd

 e
as

y 
to

 
wo

rk
 w

it
h.

 I
t 

is
 a

 g
oo

d 
ch

oi
ce

 in
 p

la
ce

s 
wh

er
e 

it
 

wi
ll 

no
t 

ge
t 

we
t.

R
oo

f 
st

ru
ct

u
re

W
oo

d
W

oo
d 

is
 s

tr
on

g,
 c

he
ap

 a
nd

 li
gh

t,
 a

nd
 e

as
y 

to
 

wo
rk

 w
it

h.
 I

t 
is

 a
 g

oo
d 

ch
oi

ce
 in

 p
la

ce
s 

wh
er

e 
it

 
wi

ll 
no

t 
ge

t 
we

t.
R

oo
f 

co
ve

r
Ti

le
s

Ti
le

s 
ar

e 
ha

rd
 a

nd
 t

he
y 

do
 n

ot
 b

en
d 

or
 r

us
t.

 
Th

ey
 a

re
 h

ea
vy

 s
o 

th
e 

wi
nd

 c
an

no
t 

m
ov

e 
th

em
Fe

n
ce

W
oo

d
W

oo
d 

po
le

s 
ar

e 
ch

ea
p,

 s
tr

on
g,

 a
nd

 d
o 

no
t 

ru
st

, 
bu

t 
th

ey
 s

ho
ul

d 
be

 t
re

at
ed

 a
ga

in
st

 d
am

ag
e 

by
 

wa
te

r,
 in

se
ct

s,
 a

nd
 f

un
gi

.
Pa

vi
n

g 
ar

ou
n

d
 t

h
e 

h
ou

se
Co

nc
re

te
Co

nc
re

te
 is

 v
er

y 
st

ro
ng

, l
as

ts
 v

er
y 

lo
ng

, a
nd

 y
ou

 
ca

n 
qu

ic
kl

y 
co

ve
r 

a 
la

rg
e 

ar
ea

 w
it

h 
co

nc
re

te
.

3.
 

So
m

e 
h

ou
se

s 
h

av
e 

ti
le

 r
oo

fs
, o

th
er

 h
ou

se
s 

h
av

e 
zi

n
c 

ro
of

s.
 C

op
y 

an
d

 c
om

p
le

te
 a

 
ta

bl
e 

to
 li

st
 t

h
e 

ad
va

n
ta

ge
s 

an
d

 d
is

ad
va

n
ta

ge
s 

of
 t

il
e 

ro
of

s.

A
dv
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on

g 
en

ou
gh

, i
t 

sa
gs

 in
 t

he
 m

id
dl

e 
(n

ot
 g

oo
d 

fo
r 

wh
ee

lc
ha

ir
s)

, i
t 

ca
n 

sw
ay

, 
an

d 
it

 h
as

 a
 d

an
ge

ro
us

 w
al

ki
ng

 s
ur

fa
ce

. D
es

ig
n 

D
 is

 s
tr

on
g 

an
d 

fl
at

 a
nd

 w
ill

 n
ot

 s
wa

y 
as

 m
uc

h,
 b

ut
 

th
e 

pi
lla

rs
 c

an
 b

e 
da

m
ag

ed
 b

y 
fl

oo
d 

wa
te

rs
.

Fo
r 

m
y 

de
si

gn
 I

 m
ad

e 
th

e 
fo

llo
wi

ng
 c

ho
ic

es
:

• 
Th

e 
pi

lla
rs

 a
re

 p
la

ce
d 

fa
r 

aw
ay

 f
ro

m
 t

he
 w

at
er

, s
o 

th
at

 t
he

y 
ca

nn
ot

 b
e 

da
m

ag
ed

 b
y 

fl
oo

d 
wa

te
rs

.

• 
Tw

o 
th

ic
k 

I-
be

am
s 

ar
e 

us
ed

 t
o 

su
pp

or
t 

th
e 

wa
lk

in
g 

su
rf

ac
e 

so
 t

ha
t 

it
 r

em
ai

ns
 f

la
t 

an
d 

do
es

 n
ot

 
sa

g 
in

 t
he

 m
id

dl
e.

• 
Th

es
e 

I-
be

am
s 

ar
e 

co
nn

ec
te

d 
by

 a
ng

le
 ir

on
s 

to
 t

ri
an

gu
la

te
 t

he
 s

tr
uc

tu
re

 o
f 

th
e 

wa
lk

wa
y,

 t
o 

pr
ev

en
t 

th
e 

br
id

ge
 f

ro
m

 s
wa

yi
ng

 s
id

ew
ay

s.
• 

Th
in

ne
r 

I-
be

am
s 

ar
e 

st
ro

ng
 e

no
ug

h 
to

 s
up

po
rt

 t
he

 r
am

ps
, b

ec
au

se
 t

he
 r

am
ps

 s
pa

n 
m

uc
h 

sh
or

te
r 

di
st

an
ce

s 
th

an
 t

he
 b

ri
dg

e 
it

se
lf

.
• 

Th
e 

ra
m

ps
 h

av
e 

a 
ve

ry
 g

en
tl

e 
sl

op
e,

 s
o 

th
at

 a
 p

er
so

n 
in

 a
 w

he
el

ch
ai

r 
ca

n 
ge

t 
up

 t
he

m
 e

as
ily

.
• 

Th
e 

wa
lk

in
g 

su
rf

ac
es

 a
re

 m
ad

e 
of

 s
te

el
 p

la
te

s 
wi

th
 a

 r
ou

gh
 s

ur
fa

ce
 (t

he
se

 p
la

te
s 

ar
e 

co
m

m
on

ly
 

us
ed

 in
 f

ac
to

ri
es

 f
or

 w
al

kw
ay

s)
, s

o 
th

at
 it

 w
ill

 n
ot

 b
e 

sl
ip

pe
ry

 e
ve

n 
wh

en
 it

 is
 r

ai
ni

ng
 h

ar
d.

• 
Th

e 
wa

lk
in

g 
su

rf
ac

e 
is

 w
id

e 
en

ou
gh

 f
or

 t
wo

 p
eo

pl
e 

or
 t

wo
 w

he
el

ch
ai

rs
 t

o 
pa

ss
 e

ac
h 

ot
he

r.
 I

f 
it

 
wa

s 
na

rr
ow

er
, p

eo
pl

e 
on

 t
he

 o
ne

 s
id

e 
of

 t
he

 r
iv

er
 w

ou
ld

 h
av

e 
to

 w
ai

t 
fo

r 
pe

op
le

 o
n 

th
e 

ot
he

r 
si

de
 

to
 w

al
k 

ov
er

. B
ec

au
se

 t
he

 b
ri

dg
e 

is
 s

o 
lo

ng
, t

he
y 

wo
ul

d 
ha

ve
 t

o 
wa

it
 v

er
y 

lo
ng

.
• 

Th
e 

br
id

ge
 is

 m
ad

e 
of

 s
te

el
, c

ab
le

s 
an

d 
co

nc
re

te
. T

he
 s

te
el

 c
an

 b
e 

we
ld

ed
 o

r 
bo

lt
ed

 t
og

et
he

r.
 

Th
e 

ca
bl

es
 c

an
 b

e 
co

nn
ec

te
d 

wi
th

 U
-b

ol
ts

.
• 

Co
nc

re
te

 b
lo

ck
s 

ar
e 

us
ed

 t
o 

an
ch

or
 t

he
 p

ill
ar

s 
an

d 
th

e 
en

d 
of

 t
he

 c
ab

le
s 

de
ep

 in
to

 t
he

 g
ro

un
d.

 
Th

e 
co

nc
re

te
 b

lo
ck

s 
in

 w
hi

ch
 t

he
 p

ill
ar

s 
ar

e 
pl

an
te

d 
lo

we
rs

 t
he

 c
en

tr
e 

of
 g

ra
vi

ty
 o

f 
th

e 
pi

lla
rs

.
• 

Th
e 

pi
lla

rs
 w

ill
 b

e 
m

ou
ld

ed
 f

ro
m

 c
on

cr
et

e 
on

 t
he

 c
on

st
ru

ct
io

n 
si

te
, w

it
h 

st
ee

l r
ei

nf
or

ce
m

en
t 

in
-

si
de

. T
hi

s 
wi

ll 
be

 c
he

ap
er

 t
ha

n 
tr

an
sp

or
ti

ng
 lo

ng
 s

te
el

 p
ill

ar
s 

wi
th

 a
 v

er
y 

lo
ng

 t
ru

ck
 f

ro
m

 a
 s

te
el

 
fa

ct
or

y.
 I

t 
wi

ll 
al

so
 c

re
at

e 
wo

rk
 f

or
 p

eo
pl

e 
on

 t
he

 s
it

e.
• 

A
ll 

th
e 

pa
rt

s 
of

 t
he

 b
ri

dg
e 

ca
n 

be
 p

ut
 t

og
et

he
r 

on
 t

he
 s

it
e,

 s
o 

a 
lo

t 
of

 w
or

k 
op

po
rt

un
it

ie
s 

wi
ll 

be
 

cr
ea

te
d.

N
ot

e:
 T

he
re

 is
 s

om
et

hi
ng

 m
is

si
ng

 in
 t

hi
s 

de
si

gn
, n

am
el

y 
ha

nd
ra

ils
.

LB
 p

ag
e 

45
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O
ne

 p
os

si
bl

e 
de

si
gn

FO
N

T 
VI

EW
 O

F 
BR

ID
GE

U
-b

ol
ts

 t
o 

co
rr

ec
t 

ca
bl

es

ra
m

p

pi
lla

r
(r

ei
nf

or
ce

d 
co

nc
re

te
)

co
nc

re
te

 
bl

oc
k 

fo
r 

an
ch

or

U
N

D
ER

-
SI

D
E 

O
F 

W
A

LK
W

A
Y

an
gl

e 
ir

on
s

CR
O

SS
-S

EC
TI

O
N

 O
F 

W
A

LK
-W

A
Y

wi
de

 e
no

ug
h 

fo
r 

2 
pe

op
le

 
or

 w
he

el
ch

ai
rs

ro
ug

h 
st

ee
l p

la
te

 f
or

 
wa

lk
in

g 
su

rf
ac

e

I-
be

am

D
ET

A
IL

 O
F 

RA
M

P 
A

N
D

 
FI

X
IN

G 
O

F 
CA

BL
ES

 T
O

 
A

N
CH

O
RS

tw
o 

th
in

 I
-b

ea
m

s 
to

 s
up

po
rt

 t
he

 
ra

m
p

I-
be

am

co
nc

re
te

 b
lo

ck
 

fo
r 

an
ch

or

ca
ble

I-
be

am
s

an
gl

e 
ir

on

ve
rt

ic
al

 c
ab

le
s 

(t
hi

nn
er

)

Ev
al

ua
te

 a
nd

 a
da

pt
 y

ou
r 

ro
ug

h 
sk

et
ch

es
  

(3
0 

m
in

ut
es

)

Y
ou

r 
te

am
 w

il
l n

ow
 p

re
p

ar
e 

a 
te

n
d

er
. T

o 
st

ar
t,

 c
h

oo
se

 t
h

e 
be

st
 d

es
ig

n
 in

 y
ou

r 
te

am
. 

T
h

is
 m

ea
n

s 
yo

u
 n

ee
d

 t
o 

ch
oo

se
 o

n
e 

sk
et

ch
 f

ro
m

 a
ll

 t
h

e 
ro

u
gh

 s
ke

tc
h

es
. T

o 
h

el
p

 
yo

u
 c

h
oo

se
, c

op
y 

th
e 

ta
bl

e 
be

lo
w

 a
n

d
 a

n
sw

er
 t

h
e 

fo
ll

ow
in

g 
q

u
es

ti
on

s:
 

Le
ar

ne
r’s

 a
ns

we
rs

 w
ill

 d
ep

en
d 

on
 t

he
ir

 d
es

ig
ns

.

Q
u

es
ti

on
s

Y
es

N
o

D
oe

s 
th

e 
st

ru
ct

u
re

 a
ll

ow
 p

eo
p

le
 t

o 
m

ov
e 

ac
ro

ss
 t

h
e 

ri
ve

r 
sa

fe
ly

? 

D
oe

s 
th

e 
st

ru
ct

u
re

 p
ro

te
ct

 p
eo

p
le

 f
ro

m
 c

ro
co

d
il

es
?

D
oe

s 
th

e 
st

ru
ct

u
re

 a
ll

ow
 a

 g
ro

u
p

 t
o 

cr
os

s 
sa

fe
ly

?

W
il

l t
h

e 
st

ru
ct

u
re

 b
e 

sa
fe

 w
h

en
 t

h
e 

ri
ve

r 
fl

oo
d

s?

Is
 t

h
e 

st
ru

ct
u

re
 d

u
ra

bl
e,

 a
n

d
 w

il
l i

t 
la

st
 a

 lo
n

g 
ti

m
e 

w
it

h
ou

t 
br

ea
ki

n
g?

Is
 t

h
e 

st
ru

ct
u

re
 m

ad
e 

fr
om

 t
h

e 
ri

gh
t 

m
at

er
ia

ls
? 

R
em

em
be

r 
th

at
 

th
e 

br
id

ge
 c

ou
ld

 b
e 

in
 c

on
st

an
t 

co
n

ta
ct

 w
it

h
 w

at
er

 a
n

d
 s

h
ou

ld
 

n
ot

 r
u

st
. 

W
il

l t
h

e 
st

ru
ct

u
re

 w
it

h
st

an
d

 b
ot

h
 s

ta
ti

c 
an

d
 d

yn
am

ic
 f

or
ce

s?

W
il

l t
h

e 
st

ru
ct

u
re

 b
e 

ve
ry

 e
xp

en
si

ve
 t

o 
bu

il
d

? 
R

em
em

be
r 

th
at

 
yo

u
 a

re
 b

u
il

d
in

g 
it

 f
or

 p
eo

p
le

, n
ot

 c
ar

s.
 

W
il

l t
h

e 
st

ru
ct

u
re

 b
e 

ex
p

en
si

ve
 t

o 
m

ai
n

ta
in

?

D
oe

s 
th

e 
st

ru
ct

u
re

 d
am

ag
e 

th
e 

en
vi

ro
n

m
en

t?

If
 t

h
e 

sk
et

ch
es

 d
o 

n
ot

 m
ee

t 
th

es
e 

re
q

u
ir

em
en

ts
, a

d
ap

t 
th

em
 u

n
ti

l t
h

ey
 d

o.
 T

h
es

e 
sk

et
ch

es
 r

ep
re

se
n

t 
yo

u
r 

fi
n

al
 s

ol
u

ti
on

 a
n

d
 t

h
ey

 w
il

l f
or

m
 t

h
e 

ba
si

s 
of

 y
ou

r 
w

or
ki

n
g 

d
ra

w
in

g.
m

ai
n 

ca
bl

e 
(t

hi
ck

)
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D
es

ig
n 

br
ie

f 
w

it
h 

sp
ec

if
ic

at
io

ns
 a

nd
 c

on
st

ra
in

ts
  

(3
0 

m
in

ut
es

)

W
ri

te
 a

 d
es

ig
n

 b
ri

ef
 t

h
at

 e
xp

la
in

s 
w

h
at

 y
ou

 w
an

t 
th

e 
st

ru
ct

u
re

 t
o 

d
o.

 Y
ou

r 
d

es
ig

n
 

br
ie

f 
h

as
 t

o 
li

st
 t

h
e 

sp
ec

if
ic

at
io

n
s 

an
d

 c
on

st
ra

in
ts

 f
or

 y
ou

r 
d

es
ig

n
. 

R
em

em
be

r 
th

at
 s

p
ec

if
ic

at
io

n
s 

ar
e 

th
in

gs
 t

h
at

 y
ou

r 
d

es
ig

n
 m

u
st

 h
av

e 
an

d
 

co
n

st
ra

in
ts

 a
re

 t
h

in
gs

 t
h

at
 y

ou
r 

d
es

ig
n

 c
an

n
ot

 h
av

e.
 T

h
e 

sp
ec

if
ic

at
io

n
s 

an
d

 t
h

e 
co

n
st

ra
in

ts
 a

re
 u

su
al

ly
 li

st
ed

 in
 t

h
e 

te
n

d
er

 n
ot

ic
e.

 

S
p

ec
if

ic
at

io
n

s 
co

u
ld

 i
n

cl
u

d
e 

th
e 

fo
ll

ow
in

g:
• 

T
h

e 
br

id
ge

 h
as

 t
o 

be
 c

om
p

le
te

d
 w

it
h

in
 a

 c
er

ta
in

 t
im

e.
• 

T
h

e 
br

id
ge

 h
as

 t
o 

be
 b

u
il

t 
ac

co
rd

in
g 

to
 b

u
d

ge
t,

 in
cl

u
d

in
g 

al
l l

ab
ou

r 
co

st
s.

• 
T

h
e 

br
id

ge
 h

as
 t

o 
h

el
p

 t
h

e 
co

m
m

u
n

it
y.

 F
or

 e
xa

m
p

le
, y

ou
 c

an
 e

m
p

lo
y 

lo
ca

l 
p

eo
p

le
 t

o 
w

or
k 

on
 t

h
e 

br
id

ge
 a

n
d

 t
ra

in
 t

h
em

 w
h

il
e 

th
ey

 w
or

k 
on

 t
h

e 
p

ro
je

ct
. 

T
h

at
 w

ay
, t

h
ey

 w
il

l h
av

e 
go

od
 s

ki
ll

s 
th

at
 w

il
l h

el
p

 t
h

em
 t

o 
fi

n
d

 w
or

k 
w

h
en

 t
h

is
 

p
ro

je
ct

 e
n

d
s.

 
• 

T
h

e 
br

id
ge

 h
as

 t
o 

be
 u

se
r-

fr
ie

n
d

ly
 f

or
 d

is
ab

le
d

 a
n

d
 o

ld
er

 p
eo

p
le

.

C
on

st
ra

in
ts

 c
ou

ld
 i

n
cl

u
d

e 
th

e 
fo

ll
ow

in
g:

• 
T

im
e 

an
d

 c
os

t 
co

n
st

ra
in

ts
. F

or
 e

xa
m

p
le

, t
h

e 
bu

il
d

in
g 

p
ro

ce
ss

 s
h

ou
ld

 n
ot

 t
ak

e 
lo

n
ge

r 
th

an
 a

 s
p

ec
if

ic
 a

m
ou

n
t 

of
 t

im
e,

 a
n

d
 s

h
ou

ld
 n

ot
 c

os
t 

m
or

e 
th

an
 a

 c
er

ta
in

 
am

ou
n

t.
• 

T
h

e 
br

id
ge

 c
an

n
ot

 e
xc

lu
d

e 
w

h
ee

lc
h

ai
r 

u
se

rs
.

• 
T

h
e 

br
id

ge
 c

an
n

ot
 e

m
p

lo
y 

m
or

e 
th

an
 a

 c
er

ta
in

 n
u

m
be

r 
of

 p
eo

p
le

 f
ro

m
 a

n
ot

h
er

 
ar

ea
.

• 
W

om
en

 s
h

ou
ld

 n
ot

 b
e 

p
ro

h
ib

it
ed

 f
ro

m
 w

or
ki

n
g 

on
 t

h
e 

p
ro

je
ct

.

[T
ot

al
: 1

0]
 D
es

ig
n 

br
ie
f:

Th
e 

br
id

ge
 s

ho
ul

d 
al

lo
w 

pe
op

le
 o

n 
fo

ot
 a

nd
 in

 w
he

el
ch

ai
rs

 t
o 

cr
os

s 
th

e 
ri

ve
r 

qu
ic

k-
ly

, e
as

ily
 a

nd
 s

af
el

y,
 e

ve
n 

wh
en

 t
he

 r
iv

er
 is

 in
 f

lo
od

.

Sp
ec

if
ic
at

io
ns

:

Th
e 

br
id

ge
 s

ho
ul

d 
sp

an
 t

he
 f

ul
l w

id
th

 o
f 

th
e 

ri
ve

r 
wh

en
 it

 is
 in

 f
lo

od
.

Th
e 

br
id

ge
 s

ho
ul

d 
be

 a
t 

le
as

t 
2 

m
et

re
s 

ab
ov

e 
wa

te
r.

Th
e 

wa
lk

wa
y 

of
 t

he
 b

ri
dg

e 
sh

ou
ld

 b
e 

wi
de

 e
no

ug
h 

so
 t

he
 t

wo
 p

eo
pl

e 
tr

av
el

lin
g 

in
 

di
ff

er
en

t 
di

re
ct

io
ns

 c
an

 c
ro

ss
 e

ac
h 

ot
he

r 
ea

si
ly

, e
ve

n 
if

 t
he

y 
ar

e 
bo

th
 in

 w
he

el
-

ch
ai

rs
.

Th
e 

wa
lk

wa
y 

sh
ou

ld
 n

ot
 b

e 
sl

ip
pe

ry
 e

ve
n 

wh
en

 it
 is

 r
ai

ni
ng

 h
ar

d.
Th

e 
br

id
ge

 s
ho

ul
d 

us
e 

ra
m

ps
 a

t 
th

e 
si

de
s 

in
st

ea
d 

of
 s

ta
ir

s,
 a

nd
 t

he
 r

am
ps

 s
ho

ul
d 

ha
ve

 a
 g

en
tl

e 
sl

op
e.

 T
hi

s 
is

 s
o 

th
at

 o
ld

 p
eo

pl
e,

 s
ic

k 
pe

op
le

 a
nd

 p
eo

pl
e 

in
 w

he
el

ch
ai

rs
 

ca
n 

ea
si

ly
 g

et
 u

p 
th

em
.

Th
e 

wa
lk

wa
y 

of
 t

he
 b

ri
dg

e 
an

d 
th

e 
ra

m
ps

 s
ho

ul
d 

ha
ve

 h
an

dr
ai

ls
 f

or
 p

eo
pl

e 
to

 h
ol

d 
on

 t
o.

Th
e 

br
id

ge
 s

ho
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 b
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 o
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op

y 
th

e 
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e 
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w
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n
d

 f
il
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n
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r 
p
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d

ic
ti
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in

 c
m

½
1
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ar
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d
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 c
m
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e 
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. I
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u
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m
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 d
o 

m
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e 
re

se
ar

ch
 t

o 
ch
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k 
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u

r 
p

re
d

ic
ti

on
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 D
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 u

p
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h
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 t
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r 
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 p
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Th
e 
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f 
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e 

m
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en

ts
 in
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ue

st
io

n 
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 d
o 

w
or

k
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h
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h

e 
m
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te

r 
cy

li
n

d
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A

n
d
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h

e 
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e 

cy
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n
d
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 d

oe
s 

w
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k 
w

h
en
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 m
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n

 
th

e 
ot

h
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e.
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h
e 
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n
t 
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k 
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u
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on
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h
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p
u

t 
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d
e 
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r 
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n
d
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u
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 b
e 
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n
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at
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n
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h
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 c
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 d
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ig
at

ed
 h

ow
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h
e 

d
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ta
n
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ra
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e 
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 t
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h
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 c
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d
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 t
h
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h
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d
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 t
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n
d

er
. D

o 
th
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 c
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n
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m
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 c
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 c
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4.
 

Pu
t 

an
ot

h
er

 b
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n

 t
h

e 
p

lu
n

ge
r 
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h
e 
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p

u
t 
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n
d
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f 
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p
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n
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h
e 

ou
tp

u
t 

cy
li

n
d

er
 s

ti
ll

 d
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d
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 d
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 t
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h
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 t
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 t
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n
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h
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d
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 b
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 c
ar

ry
in

g 
ba

gs
 t

o 
th

ei
r 

h
om

es
, i

n
 t

h
e 

st
or

y 
at

 t
h

e 
be

gi
n

n
in

g 
of

 s
ec

ti
on

 5
.2

. W
h

at
 d
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h
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 c
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 d
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l d
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ra
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 c

yl
in

d
er

, t
h

e 
fo

rc
e 

ex
er

te
d

 b
y 

th
e 

n
ar

ro
w

 c
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p
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d
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u
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p
u
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m
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e 
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n
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h
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e 
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q
u

id
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 t
h
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m
e 

ev
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h
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 o
n

 t
h

e 
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p
u

t 
cy
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n

d
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 a
s 

w
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l 
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h
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u
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n

d
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. B
u

t 
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h
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p

u
t 
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n
d
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h
e 

fo
rc
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h
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p
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d
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h
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n
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w
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h
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ra
u
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 c
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s 
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h
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s 
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w
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s 
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e 
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e 

w
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k 
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is
 w
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o 
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 c
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g 
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:

• 
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io

ns
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ra
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w
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 c
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 c
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 c
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 c
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t 
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w
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 m
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 c
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 c
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 d
is

pl
ac

em
en

t o
f t

he
 in

pu
t c

yl
in

de
r 

is
 e

qu
al

 
to

 th
e 

vo
lu

m
et

ric
 d

is
pl

ac
em

en
t o

f t
he

 o
ut

pu
t c

yl
in

de
r

• 
Vo

lu
m

e 
=

 s
ur

fa
ce

 a
re

a 
of

 b
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, m
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Th
is

 le
ss

on
 is

 a
 s

er
ie

s 
of

 q
ue

st
io

ns
 

us
in

g 
si

m
pl

e 
ca

lc
ul

at
io

ns
 

of
 h

yd
ra

ul
ic

 s
ys

te
m

s 
w

ith
 a

 
m

ec
ha

ni
ca

l a
dv

an
ta

ge
 g

re
at

er
 

th
an

 1
. A

ll 
th

e 
qu

es
tio

ns
 a

re
 a

bo
ut

 
a 

sm
al

l i
np

ut
 p

is
to

n 
(b

lu
e)

 a
nd

 a
 

bi
g 

ou
tp

ut
 p

is
to

n.
 It

 is
 p

re
fe

ra
bl

e 
th

at
 le

ar
ne

rs
 re

as
on

 to
 d

o 
th

e 
ca

lc
ul

at
io

ns
 in

st
ea

d 
of

 tr
yi

ng
 to

 u
se

 
a 

fo
rm

ul
a 

w
ith

ou
t u

nd
er

st
an

di
ng

.
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3 

Th
e 

hy
dr

au
li

c 
ca

r 
ja

ck
 

Th
es

e 
di

ag
ra

m
s 

ap
pe

ar
 w

ith
 e

xp
la

na
to

ry
 te

xt
 o

n 
pa

ge
 7

6 
in

 th
e 

Le
ar

ne
r 

Bo
ok

 (F
ig

ur
es

 2
4 

an
d 

25
). 

Th
e 

qu
es

tio
ns

 b
el

ow
 d

o 
no

t a
pp

ea
r 

in
 th

e 
Le

ar
ne

r 
Bo

ok
, b

ut
 m

ay
 b

e 
us

ef
ul

 in
 c

la
ss

.

W
ha

t d
o 

yo
u 

th
in

k 
w

ill 
ha

pp
en

 to
 th

e 
re

d 
an

d 
bl

ue
 v

al
ve

s 
sh

ow
n 

in
 th

is
 d

ia
gr

am
, a

nd
 to

 th
e 

ou
tp

ut
 c

yl
in

de
r 

w
he

n 
th

e 
re

d 
in

pu
t c

yl
in

de
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is
 

pu
lle

d 
up

w
ar

ds
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ha

t d
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yo
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th
in
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pp
en
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 th

e 
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bl

ue
 v

al
ve

s 
sh

ow
n 

in
 th

is
 d

ia
gr

am
, a

nd
 to

 th
e 

ou
tp

ut
 c

yl
in

de
r 

w
he

n 
th

e 
re

d 
in

pu
t c

yl
in

de
r 

is
 

pr
es

se
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do
w

nw
ar

ds
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ig
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 A

 h
yd

ra
ul

ic
 c

ar
 ja

ck

6.
1 

U
si

ng
 p

re
ss

ur
e 

to
 g

et
 t

hi
ng

s 
do

ne

If
 y

ou
 p

re
ss

 a
 p

la
st

ic
 b

ot
tl

e 
d

ow
n

 h
ar

d
 o

n
 a

 s
h

ee
t 

of
 p

ap
er

, y
ou

 c
an

 m
ak

e 
a 

p
er

fe
ct

ly
 r

ou
n

d
 m

ar
k 

on
 t

h
at

 p
ap

er
.

Fi
gu

re
 5

Y
ou

 c
an

 a
ls

o 
u

se
 a

 b
ot

tl
e 

li
ke

 t
h

is
 t

o 
p

re
ss

 c
oo

ki
es

 o
u

t 
of

 a
 s

h
ee

t 
of

 d
ou

gh
. F

la
t 

p
la

st
ic

 o
r 

m
et

al
 o

bj
ec

ts
 s

u
ch

 a
s 

w
as

h
er

s 
ca

n
 b

e 
m

ad
e 

in
 t

h
e 

sa
m

e 
w

ay
, b

y 
p

re
ss

in
g 

th
em

 o
u

t 
of

 p
la

st
ic

 o
r 

m
et

al
 s

h
ee

ts
. W

it
h

 m
et

al
, y

ou
 h

av
e 

to
 p

re
ss

 d
ow

n
 v

er
y 

h
ar

d
. 

Q
u

es
ti

o
n

s 
ab

o
u

t 
ap

p
ly

in
g 

p
re

ss
u

re
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To
m

 w
an

ts
 t

o 
u

se
 t

w
o 

h
ar

d
 s

te
el

 t
u

be
s 

w
it

h
 s

h
ar

p
 

ed
ge

s 
to

 p
re

ss
 w

as
h

er
s 

fr
om

 a
 s

h
ee

t 
of

 ir
on

. C
an

 
h

e 
u

se
 a

 t
yp

e 
of

 le
ve

r 
to

 h
el

p
 h

im
 e

xe
rt

 e
n

ou
gh

 
fo

rc
e 

to
 p

re
ss

 t
h

e 
st

ee
l t

u
be

s 
th

ro
u

gh
 t

h
e 

ir
on

 
sh

ee
t?

 
  

M
ak

e 
a 

sk
et

ch
 t

o 
sh

ow
 h

ow
 t

h
is

 c
an

 b
e 

d
on

e.
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h

e 
m

ac
h

in
e 

th
at

 y
ou

 d
es

ig
n

 c
an

 b
e 

ca
ll

ed
 a

 
w

as
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er
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in

g 
p

re
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 L
ea
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ow
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 o
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u
si

n
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le

ve
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to
 e

xe
rt

 a
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ig
 e

n
ou

gh
 f

or
ce
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o 

cu
t 

th
e 

w
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h
er

s,
 a

 
h

yd
ra

u
li

c 
p

u
sh

ro
d

 c
ou

ld
 b

e 
u

se
d

, a
s 

sh
ow

n
 in

 F
ig

u
re

 7
.

A
 m

ac
h

in
e 

li
ke

 t
h

is
 is

 c
al

le
d

 a
 h

yd
ra

u
li

c 
p

re
ss

.
T

h
e 

m
ec

h
an

ic
al

 a
d

va
n

ta
ge

 g
ai

n
ed

 b
y 

u
si

n
g 

an
 o

u
tp

u
t 

cy
li

n
d

er
 t

h
at

 is
 

w
id

er
 t

h
an

 t
h

e 
in

p
u

t 
cy

li
n

d
er

 is
 u

se
d

 in
 a

 h
yd

ra
u

li
c 

p
re

ss
.  in

pu
t c

yl
in

de
r

ou
tp

ut
 c

yl
in

de
r

 Fi
gu

re
 7

M
an

y 
to

w
n

s 
in

 S
ou

th
 A

fr
ic

a 
u

se
 g

ar
ba

ge
 t

ru
ck

s 
to

 c
ol

le
ct

 g
ar

ba
ge

 b
ag

s 
an

d
 o

th
er

 
ru

bb
is

h
.

T
h

is
 t

ru
ck

 c
an

 c
ar

ry
 1

5 
cu

bi
c 

m
et

re
s 

of
 r

u
bb

is
h

, w
h

ic
h

 is
 r

ou
gh

ly
 1

20
 g

ar
ba

ge
 

ba
gs

. T
h

e 
tr

u
ck

 h
as

 a
 h

yd
ra

u
li

c 
p

re
ss

 w
it

h
 o

u
tp

u
t 

cy
li

n
d

er
s 

th
at

 c
an

 c
om

p
re

ss
 

th
e 

ru
bb

is
h

 w
it

h
 a

 f
or

ce
 o

f 
fi

ft
ee

n
 t

on
s 

or
 1

5 
00

0 
kg

. I
f 

yo
u

 w
an

t 
to

 k
n

ow
 h

ow
 b

ig
 

th
at

 f
or

ce
 is

, t
h

in
k 

ab
ou

t 
h

ow
 h

ea
vy

 a
 f

u
ll

 t
w

o 
li

tr
e 

bo
tt

le
 o

f 
co

ld
 d

ri
n

k 
fe

el
s 

in
 

yo
u

r 
h

an
d

. N
ow

 im
ag

in
e 

yo
u

 a
re

 h
ol

d
in

g 
7 

50
0 

of
 t

h
em

!
B

ec
au

se
 t

h
e 

tr
u

ck
 c

om
p

re
ss

es
 t

h
e 

ru
bb

is
h

, i
t 

ca
n

 p
ic

k 
u

p
 a

bo
u

t 
2 

00
0 

ba
gs

 b
ef

or
e 

it
 is

 f
u

ll
. 

Fi
gu

re
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H
ow

 d
oe

s 
a 

h
yd

ra
u

li
c 

p
re

ss
 w

or
k?

Lo
ok

 a
t 

th
e 

sy
ri

n
ge

 s
ys

te
m

 s
h

ow
n

 h
er

e.
 I

f 
yo

u
 

p
u

sh
 t

h
e 

in
p

u
t 

p
lu

n
ge

r 
w

it
h

 y
ou

r 
on

e 
h

an
d
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th
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ou

tp
u

t 
p

lu
n

ge
r 

w
il

l p
u

sh
 u

p
 a
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in

st
 y

ou
r 

fi
n

ge
r.

If
 t

h
e 
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tp

u
t 

p
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n
ge
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h
an
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h

e 
in
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p
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n
ge

r,
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h
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tp

u
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rc

e 
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 b
ig

ge
r 

th
an

 t
h

e 
in

p
u

t 
fo

rc
e.

 T
h

e 
m

ec
h

an
ic

al
 a

d
va

n
ta

ge
 is
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gg
er

 t
h

an
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.
If

 t
h

e 
ou

tp
u

t 
p

lu
n

ge
r 

is
 n

ar
ro

w
er

 t
h

an
 t

h
e 

in
p

u
t 

p
lu

n
ge

r,
 t

h
e 

ou
tp

u
t 
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rc

e 
is

 s
m

al
le

r 
th

an
 t

h
e 

in
p

u
t 

fo
rc

e.
 I

n
 t

h
is

 c
as
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 t

h
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h
an
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al

 a
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va
n
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ge

 is
 s

m
al

le
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th
an

 1
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u
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d
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n
d
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p
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2.
 

(a
)  

Im
ag

in
e 

a 
h

yd
ra

u
li

c 
sy

st
em

 s
u

ch
 a

s 
in

  
 

Fi
gu

re
 1

0 
th

at
 is

 a
bo

u
t 

50
 c

m
 h

ig
h

. I
f 

 
th

e 
bl

u
e 

cy
li

n
d

er
 is

 p
u

sh
ed

 d
ow

n
 b

y 
5 

cm
,  

 
w

il
l t

h
e 

re
d

 c
yl

in
d

er
 m

ov
e 

u
p

w
ar

d
s 

by
 5

 c
m

,  
 

by
 le

ss
 t

h
an

 5
 c

m
 o

r 
by

 m
or

e 
th

an
 5

 c
m

?

 L
es

s 
th

an
 5

 c
m

(b
) S

u
p

p
os

e 
a 

lo
ad

, f
or

 e
xa

m
p

le
, a

 b
ox

 w
it

h
 a

p
p

le
s,

 
is

 p
la

ce
d

 o
n

 t
op

 o
f 

th
e 

re
d

 c
yl

in
d

er
. 

W
il

l t
h

e 
u

p
w

ar
d

s 
fo

rc
e 

on
 t

h
e 

lo
ad

 b
e 

th
e 

sa
m

e 
as

 t
h

e 
d

ow
n

w
ar

d
 f

or
ce

 e
xe

rt
ed

 o
n

 t
h

e 
bl

u
e 

cy
li

n
d

er
. O

r 
w

il
l i

t 
be

 b
ig

ge
r 

or
 s

m
al

le
r?

 T
he

 u
pw

ar
d 

fo
rc

e 
on

 t
he

 lo
ad

 w
ill

 b
e 

bi
gg

er
.

If
 t

h
e 

ou
tp

u
t 

cy
li

n
d

er
 in

 a
 s

im
p

le
 h

yd
ra

u
li

c 
sy

st
em

 is
 w

id
er

 t
h

an
 t

h
e 

in
p

u
t 

cy
li

n
d

er
, t

h
e 

ou
tp

u
t 

d
is

ta
n

ce
 is

 s
m

al
le

r 
th

an
 t

h
e 

in
p

u
t 

d
is

ta
n

ce
, b

u
t 

th
e 

ou
tp

u
t 

fo
rc

e 
is

 b
ig

ge
r 

th
an

 t
h

e 
in

p
u

t 
fo

rc
e.

6.
2 

C
al

cu
la

ti
on

s 
ab

ou
t 

hy
dr

au
li

c 
sy

st
em

s

A
 h

yd
ra

u
li

c 
sy

st
em

 w
it

h
 r

ec
ta

n
gu

la
r 

cy
li

n
d

er
s 

is
 s

h
ow

n
 b

el
ow

. T
h

e 
su

rf
ac

e 
ar

ea
 

o
f 

th
e 

re
d

 c
yl

in
d

er
 t

o
p

 i
s 

fo
u

r 
ti

m
es

 b
ig

ge
r 

th
an

 t
h

e 
su

rf
ac

e 
ar

ea
 o

f 
th

e 
bl

u
e 

cy
li

n
d

er
 t

o
p

.
T

h
e 

vo
lu

m
e 

of
 li

q
u

id
 t

h
at

 is
 p

u
sh

ed
 d

ow
n

 o
n

 t
h

e 
ri

gh
t 

ri
se

s 
u

p
 o

n
 t

h
e 

le
ft

 a
n

d
 

p
u

sh
es

 t
h

e 
re

d
 c

yl
in

d
er

 u
p

w
ar

d
s.

Fi
gu

re
 1

1

in
pu

t
ou

tp
ut

Fi
gu

re
 1

0

T
h

e 
su

rf
ac

e 
ar

ea
 o

f 
th

e 
to

p
 o

f 
a 

cy
li

n
d

er
 is

 t
h

e 
sa

m
e 

as
 t

h
e 

su
rf

ac
e 

ar
ea

 o
f 

th
e 

ba
se

 o
f 

th
e 

cy
li

n
d

er
, a

n
d

 it
 is

 t
h

e 
sa

m
e 

as
 t

h
e 

su
rf

ac
e 

ar
ea

 o
f 

an
y 

cu
t 

th
at

 y
ou

 m
ak

e 
at

 a
 r

ig
h

t 
an

gl
e 

w
it

h
 t

h
e 

h
ei

gh
t 

of
 t

h
e 

cy
li

n
d

er
. T

h
is

 is
 c

al
le

d
 

th
e 

cr
os

s-
se

ct
io

n
al

 a
re

a.
 

If
 y

ou
 s

tr
u

gg
le

 t
o 

u
n

d
er

st
an

d
 t

h
is

, i
m

ag
in

e 
a 

ro
ll

 o
f 

p
ol

on
y 

or
 a

 b
ri

ck
-s

h
ap

ed
 

lo
af

 o
f 

br
ea

d
. E

ac
h

 s
li

ce
 t

h
at

 y
ou

 c
u

t 
fr

om
 t

h
e 

p
ol

on
y 

or
 b

re
ad

 h
as

 e
xa

ct
ly

 
th

e 
sa

m
e 

sh
ap

e 
an

d
 s

iz
e,

 a
n

d
 t

h
er

ef
or

e 
al

so
 h

as
 t

h
e 

sa
m

e 
su

rf
ac

e 
ar

ea
.
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If
 t

h
e 

bl
u

e 
cy

li
n

d
er

 in
 F

ig
u

re
 1

1 
m

ov
es

 d
ow

n
 b

y 
12

 m
m

, b
y 

h
ow

 m
u

ch
 w

il
l t

h
e 

re
d

 c
yl

in
d

er
 m

ov
e 

u
p

?

By
 le

ss
 t

ha
n 

12
 m

m
, h

ow
ev

er
, l

ea
rn

er
s 

ca
nn

ot
 b

e 
ex

pe
ct

ed
 t

o 
gi

ve
 

th
e 

ac
tu

al
 a

ns
we

r 
no

w.
 T

he
 e

xp
la

na
ti

on
 is

 g
iv

en
 in

 t
he

 t
ex

t 
an

d 
di

ag
ra

m
 b

el
ow

.

Lo
ok

 a
t 

Fi
gu

re
 1

2.
• 

If
 t

h
e 

bl
u

e 
cy

li
n

d
er

 is
 p

u
sh

ed
 d

ow
n

 t
h

ro
u

gh
 t

h
e 

gr
ee

n
 v

ol
u

m
e 

on
 t

h
e 

ri
gh

t,
 t

h
e 

re
d

 c
yl

in
d

er
 w

il
l m

ov
e 

u
p

 t
h

ro
u

gh
 t

h
e 

gr
ee

n
 v

ol
u

m
e 

on
 t

h
e 

le
ft

.
• 

If
 t

h
e 

su
rf

ac
e 

ar
ea

 o
f 

th
e 

ba
se

 o
f 

th
e 

ou
tp

u
t 

cy
li

n
d

er
 is

 f
ou

r 
ti

m
es

 t
h

e 
su

rf
ac

e 
ar

ea
 o

f 
th

e 
ba

se
 o

f 
th

e 
in

p
u

t 
cy

li
n

d
er

, t
h

e 
ou

tp
u
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h
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h
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rn
er

 B
oo

k 
pa

ge
 8

5)
. I

t m
ay

 b
e 

us
ef

ul
 to

 h
av

e 
le

ar
ne

rs
 lo

ok
 c

lo
se

ly
 a

t 
th

es
e 

dr
aw

in
gs

 a
nd

 d
es

cr
ib

e 
th

e 
di

ffe
re

nc
es

 to
 e

ac
h 

ot
he

r. 
It 

m
ay

 a
ls

o 
be

 u
se

fu
l t

o 
as

k 
th

em
 to

 
th

in
k 

an
d 

di
sc

us
s 

w
hi

ch
 o

f t
he

 th
re

e 
sy

st
em

s 
m

ay
 b

e 
m

os
t h

el
pf

ul
 to

 li
ft 

he
av

y 
lo

ad
s,

 a
nd

 w
hy

.

7.
3 

M
ec

ha
ni

ca
l 

co
nt

ro
l 

sy
st

em
s

Th
is

 le
ss

on
 d

es
cr

ib
es

 th
re

e 
ty

pe
s 

of
 s

ys
te

m
s 

th
at

 
co

nt
ro

l m
ov

em
en

t: 
ca

llip
er

 b
ra

ke
s;

 c
am

 c
le

at
s;

 a
nd

 
th

e 
ra

tc
he

t a
nd

 p
aw

l s
ys

te
m

. S
om

e 
le

ar
ne

rs
 m

ay
 h

av
e 

ex
pe

rie
nc

ed
 o

ne
-w

ay
 m

ov
em

en
t c

on
tro

l d
ev

ic
es

 in
 

pu
bl

ic
 p

la
ce

s,
 a

nd
 th

is
 m

ay
 b

e 
bu

ilt
 u

po
n 

in
 a

 c
la

ss
 

di
sc

us
si

on
. 

 
 

 

 F
ig

ur
e 

2:
 W

hi
ch

 w
ay

 o
f h

oi
st

in
g 

a 
he

av
y 

ba
g 
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 th

e 
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si
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W
h

en
 t

w
o 

su
rf

ac
es

 r
u

b 
ag

ai
n

st
 e

ac
h

 o
th

er
, t

h
er

e 
ar

e 
fo

rc
es

 t
h

at
 a

ct
 o

n
 t

h
e 

m
at

er
ia

ls
, a

n
d

 p
ar

ts
 o

f 
th

e 
m

at
er

ia
ls

 m
ay

 b
re

ak
. T

h
e 

fo
rc

es
 t

h
at

 a
ct

 w
h

en
 

m
at

er
ia

ls
 r

u
b 

ag
ai

n
st

 e
ac

h
 o

th
er

 a
re

 c
al

le
d

 f
ri

ct
io

n
 

fo
rc

es
. O

n
 a

 c
ol

d
 d

ay
, y

ou
 s

om
et

im
es

 r
u

b 
yo

u
r 

h
an

d
s 

ag
ai

n
st

 e
ac

h
 o

th
er

 t
o 

w
ar

m
 t

h
em

 u
p

. T
h

e 
w

ar
m

th
 c

om
es

 f
ro

m
 t

h
e 

fr
ic

ti
on

 f
or

ce
s.

To
 p

re
ve

n
t 

fr
ic

ti
on

 f
ro

m
 h

ar
m

in
g 

a 
ro

p
e 

th
at

 is
 u

se
d

 
to

 c
h

an
ge

 t
h

e 
d

ir
ec

ti
on

 o
f 

p
u

ll
in

g 
an

 o
bj

ec
t,

 o
n

e 
m

ay
 le

t 
th

e 
ro

p
e 

ru
n

 o
ve

r 
a 

w
h

ee
l t

h
at

 is
 c

al
le

d
 a

 
p

u
ll

ey
. 
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re
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: T
he

 m
an

 u
se

s 
a 

pu
lle

y 
to

 li
ft 

th
e 

sa
ck

 

T
h

e 
sy

st
em

 t
h

at
 t

h
e 

m
an

 in
 F

ig
u

re
 5

 u
se

s 
is

 c
al

le
d

 a
 s

in
gl

e 
w

h
ee

l, 
fi

xe
d

 
p

u
ll

ey
 s

ys
te

m
. I

ts
 p

u
rp

os
e 

is
 t

o 
ch

an
ge

 t
h

e 
d

ir
ec

ti
on

 o
f 

p
u

ll
, b

u
t 

it
 d

oe
s 

n
ot

 g
iv

e 
a 

m
ec

h
an

ic
al

 a
d

va
n

ta
ge

.
T

h
e 

m
an

 c
an

n
ot

 li
ft

 t
h

e 
sa

ck
 f

ro
m

 t
h

e 
gr

ou
n

d
 u

p
 t

o 
th

e 
br

an
ch

 w
it

h
 

on
e 

p
u

ll
. H

e 
n

ee
d

s 
to

 m
ak

e 
a 

p
la

n
 s

o 
th

at
 t

h
e 

sa
ck

 w
il

l n
ot

 d
ro

p
 d

ow
n

 
ag

ai
n

 w
h

il
e 

h
e 

sh
if

ts
 h

is
 h

an
d

s 
to

 g
et

 r
ea

d
y 

fo
r 

an
ot

h
er

 p
u

ll
.

7.
1 

C
ha

ng
e 

di
re

ct
io

n 
w

it
h 

a 
st

ri
ng

 o
r 

ro
pe

D
if

fe
re

n
t 

w
ay

s 
to

 li
ft

 s
o

m
et

h
in

g 
u

p
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T
h

e 
m

an
 in

 F
ig

u
re

 2
A

 o
n

 t
h

e 
p

re
vi

ou
s 

p
ag

e 
w

an
ts

 t
o 

li
ft

 t
h

e 
sa

ck
 w

it
h

 w
et

 g
ra

in
 

ri
gh

t 
u

p
 t

o 
th

e 
br

an
ch

. H
e 

w
an

ts
 t

o 
fa

st
en

 t
h

e 
sa

ck
 t

o 
th

e 
br

an
ch

, s
o 

th
at

 it
 c

an
 

h
an

g 
th

er
e 

ti
ll

 t
h

e 
w

in
d

 h
as

 d
ri

ed
 t

h
e 

gr
ai

n
 o

u
t.

 T
o 

ge
t 

th
e 

sa
ck

 u
p

, h
e 

sl
u

n
g 

a 
ro

p
e 

ov
er

 t
h

e 
br

an
ch

 a
n

d
 f

as
te

n
ed

 t
h

e 
on

e 
en

d
 o

f 
th

e 
ro

p
e 

to
 t

h
e 

sa
ck

.
1.

 
(a

) M
ak

e 
a 

ro
u

gh
 c

op
y 

of
 F

ig
u

re
 2

A
 o

n
 t

h
e 

p
re

vi
ou

s 
p

ag
e.

 M
ar

k 
th

e 
d

ir
ec

ti
on

 in
 

 
w

h
ic

h
 t

h
e 

m
an

 p
u

ll
s 

w
it

h
 a

n
 a

rr
ow

. 
(b

) M
ar

k 
th

e 
d

ir
ec

ti
on

 in
 w

h
ic

h
 t

h
e 

sa
ck

 w
il

l m
ov

e 
w

it
h

 a
n

 a
rr

ow
 t

oo
.

Th
e 

ar
ro

ws
 a

re
 s

ho
wn

 o
n 

Fi
gu

re
 2

A
 o

n 
th

e 
pr

ev
io

us
 p

ag
e.

2.
 

D
o 

yo
u

 t
h

in
k 

th
e 

ro
p

e 
w

il
l l

as
t 

fo
re

ve
r 

if
 t

h
e 

m
an

 u
se

s 
it

 o
ft

en
 t

o 
p

u
ll

 h
ea

vy
 

ob
je

ct
s 

u
p

 a
ro

u
n

d
 t

h
e 

br
an

ch
?

N
o,

 t
he

 r
op

e 
th

e 
ro

pe
 w

ill
 e

ve
nt

ua
lly

 r
ub

 t
hr

ou
gh

 s
o 

m
uc

h 
th

at
 it

 b
re

ak
s 

(in

pr
op

er
 E

ng
lis

h 
on

e 
sa

ys
 ‘f

ra
y’ 

in
st

ea
d 

of
 ‘r

ub
 t

hr
ou

gh
’).

 

Fi
gu

re
 3

: T
hi

s 
ro

pe
 h

as
 b

ee
n 

ru
bb

ed
 a

ga
in

st
 th

e 
ed

ge
 o

f a
 b

ric
k.

If
 y

ou
 p

u
ll

 h
ea

vy
 o

bj
ec

ts
 u

p
 m

an
y 

ti
m

es
 w

it
h

 t
h

e 
sa

m
e 

p
ie

ce
 o

f 
ro

p
e 

or
 

st
ri

n
g,

 t
h

e 
ro

p
e 

w
il

l w
ea

r 
ou

t,
 a

s 
yo

u
 c

an
 s

ee
 in

 t
h

e 
p

h
ot

og
ra

p
h

. I
t 

w
il

l 
ev

en
tu

al
ly

 b
re

ak
.
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T
h

e 
d

ia
gr

am
 o

n
 t

h
e 

ri
gh

t 
sh

ow
s 

a 
d

ev
ic

e 
ca

ll
ed

 a
 c

am
 c

le
at

. I
f 

yo
u

 p
u

ll
 

th
e 

ro
p

e 
u

p
w

ar
d

s,
 t

h
e 

ca
m

s 
w

il
l c

lo
se

 
in

 o
n

 t
h

e 
ro

p
e 

an
d

 p
re

ve
n

t 
it

 f
ro

m
 

p
as

si
n

g 
th

ro
u

gh
. I

f 
th

e 
ro

p
e 

is
 p

u
ll

ed
 

d
ow

n
w

ar
d

s,
 t

h
e 

ca
m

s 
ar

e 
p

u
sh

ed
 a

p
ar

t 
an

d
 t

h
e 

ro
p

e 
ca

n
 p

as
s 

th
ro

u
gh

 e
as

il
y.

D
ev

ic
es

 li
ke

 a
 c

le
at

, o
r 

th
e 

va
lv

es
 

yo
u

 le
ar

n
t 

ab
ou

t 
in

 C
h

ap
te

r 
6,

 a
ll

ow
 

ce
rt

ai
n

 m
ov

em
en

ts
, b

u
t 

p
re

ve
n

t 
ot

h
er

 
m

ov
em

en
ts

. D
ev

ic
es

 s
u

ch
 a

s 
th

es
e 

ar
e 

ca
ll

ed
 c

on
tr

ol
 d

ev
ic

es
.

Y
ou

 c
an

 e
xp

er
im

en
t 

w
it

h
 a

 p
en

ci
l 

be
tw

ee
n

 y
ou

r 
th

u
m

b 
an

d
 f

or
ef

in
ge

r 
as

 
sh

ow
n

 b
el

ow
, t

o 
ex

p
er

ie
n

ce
 h

ow
 a

 c
am

 
cl

ea
t 

w
or

ks
.

Fi
gu

re
 7

: 
Yo

u 
ca

n 
sl

id
e 

a 
pe

nc
il 

be
tw

ee
n 

yo
ur

 th
um

b 
an

d 
fo

re
fin

ge
r t

o 
fe

el
 h

ow
 a

 c
am

 c
le

at
 w

or
ks

.
3.

 
M

ak
e 

a 
ro

u
gh

 s
ke

tc
h

 t
o 

sh
ow

 w
h

er
e 

th
e 

m
an

 in
 F

ig
u

re
 5

 c
an

 p
u

t 
a 

ca
m

 c
le

at
 t

o 
m

ak
e 

it
 e

as
ie

r 
to

 li
ft

 t
h

e 
sa

ck
 u

p
 t

o 
th

e 
br

an
ch

.
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Y
ou

 n
ee

d
 a

 p
ie

ce
 o

f 
st

ri
n

g 
or

 a
 s

h
oe

la
ce

, a
n

d
 a

 c
u

p
 o

r 
be

ak
er

 w
it

h
 a

 h
an

d
le

.
Pu

t 
th

e 
cu

p
 o

n
 y

ou
r 

d
es

k.
 P

u
ll

 t
h

e 
st

ri
n

g 
or

 s
h

oe
la

ce
 t

h
ro

u
gh

 t
h

e 
h

an
d

le
 o

f 
th

e 
cu

p
. H

ol
d

 t
h

e 
on

e 
en

d
 o

f 
th

e 
sh

oe
la

ce
 in

 t
h

e 
ai

r 
w

it
h

 y
ou

r 
le

ft
 h

an
d

. P
u

ll
 t

h
e 

ot
h

er
 

en
d

 o
f 

th
e 

st
ri

n
g 

u
p

w
ar

d
s 

w
it

h
 y

ou
r 

ri
gh

t 
h

an
d

 t
o 

li
ft

 t
h

e 
cu

p
. L

et
 t

h
e 

st
ri

n
g 

sl
id

e 
th

ro
u

gh
 t

h
e 

h
an

d
le

.

Fi
gu

re
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Is
 t

h
e 

cu
p

 r
ai

se
d

 b
y 

th
e 

sa
m

e 
d

is
ta

n
ce

 a
s 

yo
u

 r
ai

se
d

 y
ou

r 
ri

gh
t 

h
an

d
? 

R
ep

ea
t 

th
e 

ex
p

er
im

en
t 

an
d

 o
bs

er
ve

 t
h

e 
m

ov
em

en
ts

 s
o 

th
at

 y
ou

 c
an

 o
bs

er
ve

 t
h

e 
d

is
ta

n
ce

s 
cl

ea
rl

y.
 T

ry
 t

o 
ex

p
la

in
 y

ou
r 

ob
se

rv
at

io
n

.

Le
ar

ne
rs

 w
ill

 o
bs

er
ve

 t
ha

t 
th

e 
cu

p 
is

 n
ot

 li
ft

ed
 b

y 
th

e 
sa

m
e 

di
st

an
ce

 t
ha

n 
th

e 
ri

gh
t 

ha
nd

 m
ov

es
 u

p,
 b

ec
au

se
 it

 s
lid

 d
ow

n 
th

e 
st

ri
ng

.

7.
2 

D
if

fe
re

nt
 w

ay
s 

to
 u

se
 a

 p
ul

le
y

T
h

e 
sy

st
em

 o
n

 t
h

e 
ri

gh
t 

is
 c

al
le

d
 a

 b
lo

ck
 a

n
d

 
ta

ck
le

.
Lo

ok
 c

ar
ef

u
ll

y 
at

 t
h

e 
th

re
e 

d
ia

gr
am

s 
in

 F
ig

u
re

 
10

, s
h

ow
in

g 
d

if
fe

re
n

t 
w

ay
s 

in
 w

h
ic

h
 p

u
ll

ey
s 

ca
n

 
be

 u
se

d
 w

h
en

 li
ft

in
g 

an
 o

bj
ec

t 
w

it
h

 a
 r

op
e.

T
h

e 
re

d
 p

u
ll

ey
s 

ar
e 

fi
xe

d
 t

o 
th

e 
su

p
p

or
t 

st
ru

ct
u

re
: t

h
ey

 c
an

 t
u

rn
 b

u
t 

th
ey

 c
an

n
ot

 m
ov

e.
 

T
h
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re

d
 p

u
ll

ey
s 
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e 
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ll

ed
 fi

x
ed
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u

ll
ey

s.
 T

h
e 

bl
u

e 
p

u
ll

ey
s 

ca
n

 m
ov

e,
 a

n
d

 t
h

ey
 a

re
 c

al
le

d
 m

ov
ea

bl
e 

p
u

ll
ey

s.
• 

Fi
gu

re
 1

0A
 s

h
ow

s 
a 

si
n

gl
e 

w
h

ee
l, 

fi
x

ed
 p

u
ll

ey
  

sy
st

em
.

• 
Fi

gu
re

 1
0B

 s
h

ow
s 

a 
si

n
gl

e 
w

h
ee

l, 
m

ov
ea

bl
e 

 
p

u
ll

ey
 s

ys
te

m
.

• 
Fi

gu
re

 1
0C

 s
h

ow
s 

a 
p

u
ll

ey
 b

lo
ck

 s
ys

te
m

, a
ls

o 
 

ca
ll

ed
 a

 b
lo

ck
 a

n
d

 t
ac

k
le
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1.
 

Lo
ok

 c
ar

ef
u

ll
y 

at
 F

ig
u

re
s 

10
A

 a
n

d
 1

0C
.

(a
) I

f 
th

e 
ro

p
e 

in
 F

ig
u

re
 1

0A
 is

 p
u

ll
ed

 d
ow

n
 b

y 
50

 c
m

, w
il

l t
h

e 
lo

ad
 (t

h
e 

bl
ac

k 
ob

je
ct

) a
ls

o 
m

ov
e 

u
p

 b
y 

50
 c

m
?

  Y
es

(b
) I

f 
th

e 
ro

p
e 

in
 F

ig
u

re
 1

0B
 is

 p
u

ll
ed

 u
p

 b
y 

50
 c

m
, w

il
l t

h
e 

lo
ad

 (t
h

e 
bl

ac
k 

ob
je

ct
) 

al
so

 m
ov

e 
u

p
 b

y 
50

 c
m

?

  N
o,

 t
he

 lo
ad

 w
ill

 o
nl

y 
m

ov
e 

25
 c

m
 u

p.

(c
) 

W
h

en
 w

il
l y

ou
 d

o 
m

or
e 

w
or

k,
 w

h
en

 y
ou

 p
u

ll
 t

h
e 

ro
p

e 
in

 F
ig

u
re

 1
0A

 d
ow

n
 b

y 
50

 c
m

, o
r 

w
h

en
 y

ou
 p

u
ll

 t
h

e 
ro

p
e 

in
 F

ig
u

re
 1

0C
 d

ow
n

 b
y 

50
 c

m
?

 Y
ou

 w
ill

 d
o 

th
e 

m
os

t 
wo

rk
 in

 F
ig

ur
e 

10
A

, b
ec

au
se

 y
ou

 n
ee

d 
to

 a
pp

ly
 a

 la
rg

er

 f
or

ce
 o

ve
r 

th
e 

sa
m

e 
di

st
an

ce
 (5

0 
cm

).

 O
r 

yo
u 

ca
n 

th
in

k 
of

 it
 in

 t
hi

s 
wa

y:
 I

f 
yo

u 
pu

ll 
th

e 
ro

pe
 in

 F
ig

ur
e 

10
A

 5
0 

cm

 d
ow

nw
ar

ds
, t

he
 lo

ad
 w

ill
 m

ov
e 

50
 c

m
 u

pw
ar

ds
. B

ut
 if

 y
ou

 p
ul

l t
he

 r
op

e 
in

 F
ig

ur
e 

10
C 

50
 c

m
 d

ow
nw

ar
ds

, t
he

 lo
ad

 w
ill

 o
nl
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se

 n
ot

es
 to

 th
e 

te
ac

he
r. 

It 
is

 s
ug

ge
st

ed
 y

ou
 

re
ad

 th
ro

ug
h 

th
is

 a
ga

in
 b

ef
or

e 
st

ar
tin

g 
th

is
 s

ec
tio

n.

8.
1 

D
ir

ec
ti

on
 o

f 
ro

ta
ti

on
 o

f 
sp

ur
 g

ea
rs

As
 le

ar
ne

rs
 h

av
e 

al
re

ad
y 

le
ar

nt
 a

bo
ut

 s
pu

r 
ge

ar
s 

in
 G

ra
de

 8
, t

he
y 

im
m

ed
ia

te
ly

 e
ng

ag
e 

w
ith

 
a 

se
rie

s 
of

 q
ue

st
io

ns
 th

at
 a

re
 d

es
ig

ne
d 

no
t o

nl
y 

to
 te

st
 th

at
 k

no
w

le
dg

e,
 b

ut
 to

 g
et

 th
em

 to
 

vi
su

al
is

e 
th

e 
m

ov
em

en
t o

f g
ea

rs
. T

he
 fi

rs
t f

ew
 q

ue
st

io
ns

 c
an

 b
e 

di
sc

us
se

d 
in

 th
e 

cl
as

s,
 b

ut
 th

e 
qu

es
tio

ns
 o

n 
ro

ta
tio

na
l s

pe
ed

 m
us

t b
e 

an
sw

er
ed

 in
di

vi
du

al
ly.

 M
ak

e 
su

re
 th

at
 a

ll 
th

e 
le

ar
ne

rs
 a

re
 

ab
le

 to
 d

o 
th

e 
ca

lc
ul

at
io

ns
 b

y 
ch

ec
ki

ng
 th

ei
r 

an
sw

er
s.

 

8.
2 

G
ea

r 
ra

ti
o,

 r
ot

at
io

na
l 

sp
ee

d 
an

d 
ro

ta
ti

on
al

 f
or

ce
Th

is
 s

ec
tio

n 
st

ar
ts

 w
ith

 a
 p

ra
ct

ic
al

 c
on

te
xt

 w
he

re
 d

iff
er

en
t v

eh
ic

le
s 

(a
 h

ea
vy

 v
eh

ic
le

 a
nd

 a
 li

gh
t 

sp
or

ts
 c

ar
) m

ay
 n

ee
d 

to
 u

se
 d

iff
er

en
t g

ea
r 

ra
tio

s.
 T

hi
s 

co
nt

ex
t g

et
s 

le
ar

ne
rs

 th
in

ki
ng

 a
bo

ut
 th

e 
fo

rc
es

 re
qu

ire
d 

to
 m

ov
e 

th
e 

di
ffe

re
nt

 v
eh

ic
le

s.

Th
en

 th
e 

de
fin

iti
on

 o
f g

ea
r 

ra
tio

 th
at

 w
as

 in
tro

du
ce

d 
in

 G
ra

de
 8

 is
 re

vi
si

te
d.

 A
lte

rn
at

iv
e 

fo
rm

ul
as

 
ar

e 
gi

ve
n 

th
at

 e
xp

re
ss

 g
ea

r 
ra

tio
 in

 te
rm

s 
of

 ro
ta

tio
na

l s
pe

ed
s 

of
 th

e 
ax

le
s,

 n
um

be
rs

 o
f t

ee
th

 o
f 

th
e 

ge
ar

s,
 a

nd
 tu

rn
in

g 
fo

rc
es

 o
n 

th
e 

ax
le

s.
 

In
 th

e 
re

m
ai

nd
er

 o
f t

he
 s

ec
tio

n 
le

ar
ne

rs
 s

ol
ve

 p
ro

bl
em

s 
th

at
 w

ill 
de

ve
lo

p 
th

ei
r 

un
de

rs
ta

nd
in

g 
of

 
th

e 
re

la
tio

ns
hi

ps
 b

et
w

ee
n 

ro
ta

tio
na

l s
pe

ed
s 

of
 th

e 
ax

le
s,

 n
um

be
rs

 o
f t

ee
th

 o
f t

he
 g

ea
rs

, a
nd

 
tu

rn
in

g 
fo

rc
es

 o
n 

th
e 

ax
le

s.
 In

 th
e 

en
d,

 le
ar

ne
rs

 d
is

co
ve

r 
th

at
 th

ey
 c

an
 u

se
 a

 s
et

 o
f g

ea
rs

 fo
r 

th
e 

sa
m

e 
pu

rp
os

e 
as

 a
 p

ul
le

y 
sy

st
em

 (b
lo

ck
-a

nd
-ta

ck
le

) t
o 

m
ak

e 
it 

ea
si

er
 to

 h
oi

st
 a

 h
ea

vy
 lo

ad
.

8.
3 

O
th

er
 k

in
ds

 o
f 

ge
ar

s
Le

ar
ne

rs
 a

re
 s

ho
w

n 
ho

w
 b

ev
el

 g
ea

rs
 c

an
 b

e 
us

ed
 to

 c
ha

ng
e 

th
e 

di
re

ct
io

n 
of

 c
irc

ul
ar

 m
ot

io
n.

 
Th

ey
 a

ls
o 

se
e 

th
at

 b
ev

el
 g

ea
rs

 c
an

 a
lte

r 
th

e 
sp

ee
d 

of
 ro

ta
tio

n.

Th
e 

tw
o 

ot
he

r 
ge

ar
 s

ys
te

m
s 

th
at

 le
ar

ne
rs

 e
xa

m
in

e 
ar

e 
ra

ck
-a

nd
-p

in
io

n 
an

d 
w

or
m

 g
ea

r 
sy

st
em

s.
 P

ra
ct

ic
al

 e
xa

m
pl

es
 a

re
 g

iv
en

 w
hi

ch
 w

ill 
m

ak
e 

it 
ea

sy
 fo

r 
th

e 
le

ar
ne

rs
 to

 u
nd

er
st

an
d 

ho
w

 th
es

e 
sy

st
em

s 
w

or
ks

. Y
ou

 c
an

 a
sk

 th
em

 to
 th

in
k 

of
 o

th
er

 p
ra

ct
ic

al
 e

xa
m

pl
es

 w
he

re
 th

es
e 

sy
st

em
s 

co
ul

d 
be

 fo
un

d.

C
h

a
p

te
r

 8
G

ea
rs
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5

Ta
lk

in
g 

ab
ou

t g
ea

rs
 in

 e
ve

ry
da

y 
la

ng
ua

ge
, a

nd
 c

al
cu

la
tin

g 
ge

ar
 r

at
io

s

Th
e 

de
fin

iti
on

 o
f g

ea
r 

ra
tio

 is
 a

 c
on

ve
nt

io
n,

 w
hi

ch
 m

ea
ns

 it
 

is
 s

om
et

hi
ng

 p
eo

pl
e 

ag
re

ed
 o

n,
 li

ke
 th

e 
sp

el
lin

g 
of

 a
 w

or
d.

 
It 

is
 n

ot
 a

n 
ab

so
lu

te
 tr

ut
h.

 T
he

 p
eo

pl
e 

w
ho

 d
ec

id
ed

 o
n 

th
e 

co
nv

en
tio

n 
fo

r 
ho

w
 g

ea
r 

ra
tio

s 
sh

ou
ld

 b
e 

ca
lc

ul
at

ed
 w

er
e 

sc
ie

nt
is

ts
 a

nd
 e

ng
in

ee
rs

. U
nf

or
tu

na
te

ly,
 th

ey
 d

id
 n

ot
 p

ay
 

at
te

nt
io

n 
to

 th
e 

w
ay

 th
at

 o
th

er
 p

eo
pl

e 
ta

lk
 a

bo
ut

 g
ea

rs
 in

 
ev

er
yd

ay
 la

ng
ua

ge
 w

he
n 

th
is

 c
on

ve
nt

io
n 

w
as

 fo
rm

ed
. Y

ou
 

ha
ve

 g
oo

d 
re

as
on

 to
 b

e 
an

no
ye

d 
by

 th
em

 fo
r 

co
nf

us
in

g 
yo

u!

In
 e

ve
ry

da
y 

la
ng

ua
ge

 y
ou

 u
se

 th
e 

de
sc

rip
tiv

e 
w

or
ds

 “
lo

w
” 

an
d 

“h
ig

h”
 to

 ta
lk

 a
bo

ut
 g

ea
rs

 
se

le
ct

ed
 o

n 
a 

ca
r 

or
 b

ic
yc

le
. I

n 
a 

ca
r 

yo
u 

us
e 

a 
lo

w
 g

ea
r 

(s
ec

on
d 

ge
ar

) t
o 

dr
iv

e 
sl

ow
ly

 u
p 

a 
ve

ry
 

st
ee

p 
hi

ll,
 a

nd
 y

ou
 u

se
 a

 h
ig

h 
ge

ar
 (f

ift
h 

ge
ar

) w
he

n 
yo

u 
dr

iv
e 

fa
st

 o
n 

a 
fla

t r
oa

d.
 W

he
n 

yo
u 

cy
cl

e 
on

 a
 fl

at
 ro

ad
, y

ou
 c

an
 s

el
ec

t e
ith

er
 a

 lo
w

 o
r 

a 
hi

gh
 g

ea
r. 

If 
yo

u 
se

le
ct

 a
 lo

w
 g

ea
r, 

yo
u 

w
ill 

pe
da

l 
fa

st
 b

ut
 w

ith
 a

 li
gh

t f
or

ce
. I

f y
ou

 s
el

ec
t a

 h
ig

h 
ge

ar
, y

ou
 w

ill 
pe

da
l s

lo
w

ly
 b

ut
 w

ith
 a

 h
ea

vy
 fo

rc
e.

So
, i

n 
ev

er
yd

ay
 la

ng
ua

ge
 a

 lo
w

 g
ea

r 
m

ea
ns

 th
at

 th
e 

in
pu

t r
ot

at
io

na
l s

pe
ed

 (o
f t

he
 e

ng
in

e 
or

 th
e 

pe
da

ls
) i

s 
fa

st
 c

om
pa

re
d 

to
 th

e 
ou

tp
ut

 ro
ta

tio
na

l s
pe

ed
 (o

f t
he

 w
he

el
). 

In
 o

th
er

 w
or

ds
, t

he
 o

ut
pu

t 
ro

ta
tio

na
l s

pe
ed

 is
 s

lo
w

 c
om

pa
re

d 
to

 th
e 

in
pu

t r
ot

at
io

na
l s

pe
ed

. T
ha

t m
ea

ns
, i

f y
ou

 d
iv

id
e 

th
e 

ou
tp

ut
 ro

ta
tio

na
l s

pe
ed

 b
y 

th
e 

in
pu

t r
ot

at
io

na
l s

pe
ed

, y
ou

 w
ill 

ge
t a

 s
m

al
l a

ns
w

er
.

Un
fo

rt
un

at
el

y,
 th

e 
sc

ie
nt

is
ts

 o
r 

en
gi

ne
er

s 
w

ho
 d

ec
id

ed
 o

n 
ho

w
 to

 c
al

cu
la

te
 g

ea
r 

ra
tio

s 
de

fin
ed

 
ge

ar
 r

at
io

s 
th

e 
ot

he
r 

w
ay

 ro
un

d.
 T

he
y 

de
fin

ed
 g

ea
r 

ra
tio

 a
s 

in
pu

t r
ot

at
io

na
l s

pe
ed

 d
iv

id
ed

 b
y 

ou
tp

ut
 ro

ta
tio

na
l s

pe
ed

:

 g
ea

r 
ra

tio
: 

ro
ta

tio
na

l s
pe

ed
 o

f i
np

ut
 a

xl
e

ro
ta

tio
na

l s
pe

ed
 o

f o
ut

pu
t a

xl
e

Th
e 

fo
llo

w
in

g 
ta

bl
e 

sh
ow

s 
ho

w
 th

e 
ge

ar
 r

at
io

s 
of

 a
 m

ot
or

 c
ar

 a
re

 s
ho

w
n 

in
 a

 m
ot

or
 c

ar
 

m
ag

az
in

e.

G
ea

r
1st

2nd
3rd

4th
5th

G
ea

r 
ra

tio
4.

1
2.

2
1.

5
1.

1
0.

9

N
ot

e 
th

at
 th

e 
hi

gh
es

t g
ea

r 
(5

th
) h

as
 th

e 
sm

al
le

st
 v

al
ue

 o
f t

he
 g

ea
r 

ra
tio

.

A 
us

ef
ul

 w
ay

 to
 th

in
k 

of
 th

e 
de

fin
iti

on
 o

f g
ea

r 
ra

tio
 is

 to
 s

ay
 th

at
 it

 is
 th

e 
nu

m
be

r 
of

 ti
m

es
 th

at
 a

 
ca

r’s
 e

ng
in

e 
or

 a
 b

ic
yc

le
’s 

pe
da

ls
 h

av
e 

to
 ro

ta
te

 fo
r 

th
e 

w
he

el
s 

to
 ro

ta
te

 o
nc

e.

 A
n 

ex
am

pl
e 

of
 a

 s
pe

llin
g 

co
nv

en
tio

n:
In

 S
ou

th
 A

fr
ic

a 
an

d 
Br

ita
in

 w
e 

w
rit

e 
“c

ol
ou

r”
, b

ut
 in

 A
m

er
ic

a 
th

ey
 w

rit
e 

“c
ol

or
”.

 

  F
ig

ur
e 

2

LB
 p

ag
e 

96



C
H

A
PT

ER
 8

: 
G

EA
R

S
TE

C
H

N
O

LO
G

Y
 G

R
A

D
E 

9 
TE

R
M

 2
12

6
12

7
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D
ir

ec
ti

on
 o

f 
ro

ta
ti

on
 o

f 
sp

ur
 g

ea
rs

Q
u

es
ti

o
n

s 
ab

o
u

t 
co

u
n
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r 
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ta
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o

n
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n
d
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1.
 

(a
)  

H
ow

 m
an

y 
te

et
h

 d
o 

ea
ch

 o
f 

th
es

e 
 

ge
ar

s 
h

av
e?

 1
2 

an
d 

12

(b
)  

T
h

e 
bl

ac
k 

ge
ar

 is
 t

u
rn

ed
 c

lo
ck

w
is

e 
u

n
ti

l 
th

e 
ye

ll
ow

 d
ot

 r
ea

ch
es

 t
h

e 
p

os
it

io
n

 
sh

ow
n

 in
 F

ig
u

re
 4

. R
ed

ra
w

 F
ig

u
re

 4
 a

n
d

 
d

ra
w

 a
rr

ow
s 

to
 s

h
ow

 w
h

er
e 

th
e 

bl
u

e 
an

d
 r

ed
 d

ot
s 

w
il

l b
e.

(c
) 

In
 w

h
at

 d
ir

ec
ti

on
 d

id
 t

h
e 

bl
u

e 
ge

ar
 t

u
rn

?

 a
nt

i-c
lo

ck
wi

se

(d
) T

h
ro

u
gh

 w
h

ic
h

 p
ar

t 
of

 a
 f

u
ll

 r
ev

ol
u

ti
on

 
d

id
 e

ac
h

 g
ea

r 
tu

rn
?

 o
ne

 q
ua

rt
er

 o
f 

a 
re

vo
lu

ti
on

T
h

e 
tw

o 
bl

u
e 

an
d

 b
la

ck
 g

ea
rs

 in
 t

h
e 

ab
ov

e 
si

tu
at

io
n

 t
u

rn
 in

 o
p

p
os

it
e 

d
ir

ec
ti

on
s.

 T
h

is
 c

an
 

al
so

 b
e 

d
es

cr
ib

ed
 b

y 
sa

yi
n

g 
th

at
 t

h
e 

tw
o 

ge
ar

s 
co

u
n

te
r-

ro
ta

te
.

2.
 

T
h

e 
d

ar
k 

bl
u

e 
ge

ar
 o

n
 t

h
e 

le
ft

 b
el

ow
 is

 t
u

rn
ed

 a
n

ti
-c

lo
ck

w
is

e 
th

ro
u

gh
 t

w
o 

th
ir

d
s 

of
 a

 f
u

ll
 t

u
rn

. R
ed

ra
w

 F
ig

u
re

 5
 a

n
d

 in
d

ic
at

e 
w

it
h

 a
rr

ow
s 

w
h

er
e 

ea
ch

 o
f 

th
e 

ye
ll

ow
 d

ot
s 

w
il

l b
e 

af
te

rw
ar

d
s.

Ea
ch

 d
ot

 m
ov

es
 b

y 
8 

te
et

h.

Fi
gu

re
 5

Fi
gu

re
 3

Fi
gu

re
 4

3.
 

If
 t

h
e 

re
d

 g
ea

r 
be

lo
w

 is
 t

u
rn

ed
 a

n
ti

-c
lo

ck
w

is
e,

 in
 w

h
ic

h
 d

ir
ec

ti
on

 w
il

l t
h

e 
gr

ey
 

ge
ar

 t
u

rn
?

cl
oc

kw
is

e

Fi
gu

re
 6

: C
ou

nt
er

-ro
ta

tio
n

4.
 

In
 t

h
e 

si
tu

at
io

n
 b

el
ow

, t
h

e 
re

d
 g

ea
r 

d
ri

ve
s 

th
e 

bl
u

e 
ge

ar
 a

n
d

 t
h

e 
bl

u
e 

ge
ar

 t
h

en
 

d
ri

ve
s 

th
e 

gr
ey

 g
ea

r.
 I

f 
th

e 
re

d
 g

ea
r 

is
 t

u
rn

ed
 c

lo
ck

w
is

e,
 in

 w
h

ic
h

 d
ir

ec
ti

on
 w

il
l 

th
e 

gr
ey

 g
ea

r 
tu

rn
?

cl
oc

kw
is

e

Fi
gu

re
 7

: A
 b

lu
e 

id
le

r g
ea

r

5.
 

If
 t

h
e 

re
d

 g
ea

r 
in

 t
h

e 
ab

ov
e 

sy
st

em
 m

ak
es

 o
n

e 
fu

ll
 t

u
rn

, h
ow

 m
an

y 
tu

rn
s 

w
il

l 
th

e 
bl

u
e 

ge
ar

 m
ak

e,
 a

n
d

 h
ow

 m
an

y 
tu

rn
s 

w
il

l t
h

e 
gr

ey
 g

ea
r 

m
ak

e?

Th
e 

bl
ue

 g
ea

r 
m

ak
es

 o
ne

 a
nd

 a
 h

al
f 

tu
rn

s 
an

d 
th

e 
gr

ey
 g

ea
r 

m
ak

es
 o

ne
 f

ul
l t

ur
n.
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12

9

N
u

m
b

er
 o

r 
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o
n

s 
o

f 
d

ri
ve

r 
an

d
 d

ri
ve

n
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Su
p

p
os

e 
th

e 
re

d
 g

ea
r 

in
 F

ig
u

re
 8

 d
ri

ve
s 

th
e 

sm
al

l g
re

y 
ge

ar
. T

h
e 

re
d

 g
ea

r 
h

as
 1

8 
te

et
h

 a
n

d
 t

h
e 

gr
ey

 g
ea

r 
h

as
 

6 
te

et
h

. F
or

 e
ve

ry
 1

 t
oo

th
 in

 t
h

e 
gr

ey
 g

ea
r,

 t
h

er
e 

ar
e 

3 
te

et
h

 in
 t

h
e 

re
d

 g
ea

r.
 

W
h

en
 a

 g
ea

r 
h

as
 m

ad
e 

a 
fu

ll
 t

u
rn

, y
ou

 c
an

 s
ay

 it
 

h
as

 m
ad

e 
on

e 
fu

ll
 r

ev
ol

u
ti

on
.

1.
 

If
 t

h
e 

re
d

 d
ri

ve
r 

ge
ar

 m
ak
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ax
le

. Y
ou

 w
il

l n
ow

 c
h

ec
k 

yo
u

r 
an

sw
er

 t
o 

q
u

es
ti

on
 5

 b
y 

u
si

n
g 

th
e 

fo
rm

u
la

s 
fo

r 
ge

ar
 r

at
io

:

ge
ar

 r
at

io
 =

 
ro

ta
ti

on
al

 s
p

ee
d

 o
f 

in
p

u
t 

ax
le

ro
ta

ti
on

al
 s

p
ee

d
 o

f 
ou

tp
u

t 
ax

le
 

 
=

 tu
rn

in
g 

fo
rc

e 
on

 o
u

tp
u

t 
ax

le
tu

rn
in

g 
fo

rc
e 

on
 in

p
u

t 
ax

le

 
=

 n
u

m
be

r 
of

 t
ee

th
 o

n
 o

u
tp

u
t 

ge
ar

n
u

m
be

r 
of

 t
ee

th
 o

n
 in

p
u

t 
ge

ar
  

Y
ou

 h
av

e 
al

re
ad

y 
u

se
d

 t
h

e 
n

u
m

be
rs

 o
f 

te
et

h
 o

n
 t

h
e 

in
p

u
t 

an
d

 o
u

tp
u

t 
ge

ar
s 

to
 

ca
lc

u
la

te
 t

h
at

 t
h

e 
ge

ar
 r

at
io

 is
 2

:1
. I

t 
ca

n
 a

ls
o 

be
 w

ri
tt

en
 s

im
p

ly
 a

s 
2.

If
 y

ou
 r

e-
ar

ra
n

ge
 t

h
e 

bl
u

e 
p

ar
t 

of
 t

h
e 

fo
rm

u
la

s,
 y

ou
 c

an
 m

ak
e 

th
e 

tu
rn

in
g 

fo
rc

e 
on

 t
h

e 
ou

tp
u

t 
ax

le
 t

h
e 

su
bj

ec
t 

of
 t

h
e 

fo
rm

u
la

:
(t

u
rn

in
g 

fo
rc

e 
on

 o
u

tp
u

t 
ax

le
) =

 (g
ea

r 
ra

ti
o)

 ×
 (t

u
rn

in
g 

fo
rc

e 
on

 in
p

u
t 

ax
le

)

6.
 

U
se

 t
h

e 
fo

rm
u

la
 a

bo
ve

 t
o 

ch
ec

k 
yo

u
r 

an
sw

er
 t

o 
q

u
es

ti
on

 5
.

tu
rn

in
g 

fo
rc

e 
on

 o
ut

pu
t 

ax
le

 =
 2

 ×
 3

 k
g 

= 
6 

kg

Fi
gu

re
 1

5

C
o

m
p

ar
in

g 
tu

rn
in

g 
fo

rc
es

 o
n

 t
h

e 
in

p
u

t 
an

d
 o

u
tp

u
t 

ax
le
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In
 C

h
ap

te
r 

7 
yo

u
 le

ar
n

t 
h

ow
 a

 s
ys

te
m

 o
f 

p
u

ll
ey

s 
ca

n
 

gi
ve

 y
ou

 a
 m

ec
h

an
ic

al
 a

d
va

n
ta

ge
 t

o 
m

ak
e 

it
 e

as
ie

r 
to

 
h

oi
st

 u
p

 h
ea

vy
 o

bj
ec

ts
. Y

ou
 w

il
l n

ow
 in

ve
st

ig
at

e 
h

ow
 

a 
ge

ar
 s

ys
te

m
 c

an
 d

o 
th

e 
sa

m
e,

 b
y 

ch
an

gi
n

g 
a 

sm
al

l 
tu

rn
in

g 
fo

rc
e 

on
 t

h
e 

in
p

u
t 

ax
le

 in
to

 a
 b

ig
 t

u
rn

in
g 

fo
rc

e 
on

 t
h

e 
ou

tp
u

t 
ax

le
.

Lo
ok

 a
t 

Fi
gu

re
 1

4 
be

lo
w

. T
h

e 
in

p
u

t 
(d

ri
ve

r)
 g

ea
r 

h
as

 9
 

te
et

h
 a

n
d

 t
h

e 
ou

tp
u

t 
(d

ri
ve

n
) g

ea
r 

h
as

 1
8 

te
et

h
. A

 r
op

e 
is

 w
ou

n
d

 a
ro

u
n

d
 e

ac
h

 a
xl

e.
 

1.
 

W
h

at
 is

 t
h

e 
ge

ar
 r

at
io

?

ge
ar

 r
at

io
 =

 (1
8 

te
et

h)
 ÷

 (9
 t

ee
th

) =
 2

 =
 2

:1

2.
 

Fo
r 

on
e 

fu
ll

 r
ev

ol
u

ti
on

 o
f 

th
e 

in
p

u
t 

ge
ar

, h
ow

 m
an

y 
re

vo
lu

ti
on

s 
w

il
l t

h
e 

ou
tp

u
t 

ge
ar

 m
ak

e?

Th
e 

ou
tp

ut
 g

ea
r 

wi
ll 

m
ak

e 
ha

lf
 a

 r
ev

ol
ut

io
n.

3.
 

If
 y

ou
 p

u
ll

 t
h

e 
in

p
u

t 
ro

p
e 

d
ow

n
 b

y 
2 

cm
, h

ow
 f

ar
 w

il
l t

h
e 

ou
tp

u
t 

ro
p

e 
be

 p
u

ll
ed

 
u

p
? 

D
ra

w
 t

h
e 

ve
rt

ic
al

 p
ar

t 
of

 t
h

e 
ou

tp
u

t 
ro

p
e 

in
 t

h
e 

“p
os

it
io

n
 a

t 
th

e 
en

d
” 

p
ar

t 
of

 
Fi

gu
re

 1
4 

to
 s

h
ow

 w
h

er
e 

th
e 

ou
tp

u
t 

ro
p

e 
w

il
l b

e 
af

te
r 

yo
u

 p
u

ll
ed

 t
h

e 
in

p
u

t 
ro

p
e 

d
ow

n
 b

y 
2 

cm
.

Th
e 

ou
tp

ut
 r

op
e 

is
 p

ul
le

d 
up

 b
y 

ha
lf

 o
f 

th
e 

di
st

an
ce

 t
ha

t 
th

e 
in

pu
t 

ro
pe

 is
 p

ul
le

d

do
wn

: 2
 c

m
 ÷

 2
 =

 1
cm

. L
ea

rn
er

s 
ha

ve
 t

o 
in

di
ca

te
 t

hi
s 

on
 t

he
 “P

os
it

io
n 

at
 t

he
 e

nd
”

in
 F

ig
ur

e 
14

.

N
ot

e:
 Y

ou
 w

ill 
on

ly
 c

on
si

de
r 

ax
le

s 
w

ith
 th

e 
sa

m
e 

di
am

et
er

 
in

 th
is

 c
ha

pt
er

. W
he

n 
th

e 
di

am
et

er
s 

of
 th

e 
ax

le
s 

ar
ou

nd
 

w
hi

ch
 th

e 
ro

pe
s 

ar
e 

w
ou

nd
 

ar
e 

di
ffe

re
nt

, y
ou

 a
ls

o 
ne

ed
 to

 
th

in
k 

ab
ou

t t
ha

t t
o 

co
m

pa
re

 
tu

rn
in

g 
fo

rc
es

.

Fi
gu

re
 1

4

LB
 p

ag
e 

10
3



C
H

A
PT

ER
 8

: 
G

EA
R

S
TE

C
H

N
O

LO
G

Y
 G

R
A

D
E 

9 
TE

R
M

 2
13

4
13

5

8.
3 

O
th

er
 t

yp
es

 o
f 

ge
ar

s

B
ev

el
 g

ea
rs

 Fi
gu

re
 1

6:
 T

w
o 

sp
ur

 g
ea

rs
 w

ith
 s

ha
fts

 p
ar

al
le

l  
Fi

gu
re

 1
7:

 T
w

o 
be

ve
l g

ea
rs

 w
ith

 s
ha

fts
 a

t 9
0°

 to
 

to
 e

ac
h 

ot
he

r 
ea

ch
 o

th
er

T
h

e 
sh

af
ts

 o
f 

th
e 

tw
o 

sp
u

r 
ge

ar
s 

in
 F

ig
u

re
 1

6 
on

 t
h

e 
le

ft
 a

re
 p

ar
al

le
l, 

bu
t 

th
e 

sh
af

ts
 

of
 t

h
e 

tw
o 

ge
ar

s 
in

 F
ig

u
re

 1
7 

on
 t

h
e 

ri
gh

t 
ar

e 
at

 r
ig

ht
 a

ng
le

s 
to

 e
ac

h 
ot

he
r.

 T
h

e 
ge

ar
s 

in
 F

ig
u

re
 1

7 
al

so
 h

av
e 

a 
d

if
fe

re
n

t 
sh

ap
e 

to
 o

rd
in

ar
y 

sp
u

r 
ge

ar
s 

to
 m

ak
e 

th
em

 w
or

k 
be

tt
er

 a
t 

ri
gh

t 
an

gl
es

 t
o 

ea
ch

 o
th

er
. T

h
ey

 a
re

 c
al

le
d

 b
ev

el
 g

ea
rs

. 

7.
 

C
on

si
d

er
 o

th
er

 s
et

s 
of

 g
ea

rs
 w

it
h

 r
op

es
 a

ro
u

n
d

 t
h

e 
ax

le
s,

 a
s 

yo
u

 d
id

 o
n

 t
h

e 
p

re
vi

ou
s 

p
ag

e:
(a

) I
n

 a
 c

er
ta

in
 s

ys
te

m
, t

h
e 

in
p

u
t 

ge
ar

 h
as

 6
 t

ee
th

 a
n

d
 t

h
e 

ou
tp

u
t 

ge
ar

 h
as

 1
8 

te
et

h
. I

f 
yo

u
 a

p
p

ly
 4

 k
g 

of
 f

or
ce

 o
n

 t
h

e 
in

p
u

t 
ro

p
e,

 w
h

at
 is

 t
h

e 
h

ea
vi

es
t 

lo
ad

 
th

at
 c

an
 b

e 
li

ft
ed

 b
y 

th
e 

ou
tp

u
t 

ro
p

e?

 g
ea

r 
ra

ti
o 

= 
18

 ÷
 6

 =
 3

 o
ut

pu
t 

lo
ad

 =
 3

 ×
 4

 k
g 

= 
12

 k
g

(b
) I

n
 a

 c
er

ta
in

 s
ys

te
m

, t
h

e 
in

p
u

t 
ge

ar
 h

as
 1

2 
te

et
h

 a
n

d
 t

h
e 

ou
tp

u
t 

ge
ar

 h
as

 3
0 

te
et

h
. I

f 
yo

u
 w

an
t 

to
 li

ft
 a

 lo
ad

 o
f 

75
 k

g 
on

 t
h

e 
ou

tp
u

t 
ro

p
e,

 w
it

h
 w

h
at

 f
or

ce
 

in
 k

il
og

ra
m

s 
m

u
st

 y
ou

 p
u

ll
 t

h
e 

in
p

u
t 

ro
p

e?

 g
ea

r 
ra

ti
o 

= 
30

 ÷
 1

2 
= 

2½

 in
pu

t 
fo

rc
e 

= 
75

 k
g 

÷ 
2½

 =
 3

0 
kg

(c
) 

 A
 c

er
ta

in
 p

er
so

n
 c

an
 o

n
ly

 p
u

ll
 w

it
h

 a
 m

ax
im

u
m

 f
or

ce
 o

f 
25

 k
g.

 T
h

at
 p

er
so

n
 

n
ee

d
s 

to
 h

oi
st

 lo
ad

s 
of

 u
p

 t
o 

15
0 

kg
. D

es
ig

n
 a

 g
ea

r 
sy

st
em

 t
h

at
 w

il
l a

ll
ow

 
th

at
 p

er
so

n
 t

o 
h

oi
st

 t
h

e 
h

ea
vy

 lo
ad

s.
 I

n
 o

th
er

s 
w

or
d

s,
 h

ow
 m

an
y 

te
et

h
 

sh
ou

ld
 t

h
e 

in
p

u
t 

an
d

 t
h

e 
ou

tp
u

t 
ge

ar
s 

h
av

e?

 g
ea

r 
ra

ti
o 

= 
15

0 
kg

 ÷
 2

5 
kg

 =
 6

 =
 6

:1

 T
he

 o
ut

pu
t 

ge
ar

 m
us

t 
ha

ve
 6

 t
im

es
 a

s 
m

an
y 

te
et

h 
as

 t
he

 in
pu

t 
ge

ar
, 

 f
or

 e
xa

m
pl

e 
10

 t
ee

th
 f

or
 t

he
 in

pu
t 

ge
ar

 a
nd

 6
0 

te
et

h 
fo

r 
th

e 
ou

tp
ut

 g
ea

r.
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3.
  

In
 a

 p
ar

ti
cu

la
r 

be
ve

l g
ea

r 
se

t,
 t

h
e 

ge
ar

 r
at

io
 is

 1
 t

o 
12

.
(a

) T
h

e 
d

ri
ve

n
 g

ea
r 

in
 t

h
is

 g
ea

r 
se

t 
h

as
 e

ig
h

t 
te

et
h

. H
ow

 m
an

y 
te

et
h

 d
oe

s 
th

e 
d

ri
ve

r 
ge

ar
 h

av
e?

 T
he

 d
ri

ve
n 

ge
ar

 h
as

 8
 t

ee
th

, a
nd

 t
he

 d
ri

ve
r 

ge
ar

 h
as

 1
2 

ti
m

es
 a

s 
m

an
y 

te
et

h:

 1
2 

× 
8=

 9
6 

te
et

h.

 (L
ea

rn
er

s 
sh

ou
ld

 lo
ok

 a
t 

th
e 

fo
rm

ul
a 

on
 p

ag
e 

12
4 

ag
ai

n 
if

 t
he

y 
ge

t 
co

nf
us

ed
.)

(b
) H

ow
 m

an
y 

re
vo

lu
ti

on
s 

w
il

l t
h

e 
d

ri
ve

r 
ge

ar
 m

ak
e 

if
 t

h
e 

d
ri

ve
n

 g
ea

r 
m

ak
es

 6
0 

re
vo

lu
ti

on
s?

 6
0 

re
vo

lu
ti

on
s 

of
 8

 t
ee

th
 d

iv
id

ed
 b

y 
th

e 
96

 t
ee

th
 o

f 
th

e 
dr

iv
en

 g
ea

r:

 6
0 

× 
8 

÷ 
96

 =
 5

 r
ev

ol
ut

io
ns

.

(c
) 

H
ow

 f
as

t 
sh

ou
ld

 t
h

e 
d

ri
ve

r 
ge

ar
 t

u
rn

 t
o 

m
ak

e 
th

e 
d

ri
ve

n
 g

ea
r 

tu
rn

 a
t 

36
 r

p
m

?

 3
6 

rp
m

 ×
 (1

 t
we

lf
th

) =
 3

6 
rp

m
 ÷

 1
2 

= 
3 

rp
m

4.
 

Su
p

p
os

e 
yo

u
 w

an
t 

to
 b

u
y 

a 
fo

od
 m

ix
er

 t
o 

h
el

p
 y

ou
 m

ix
 in

gr
ed

ie
n

ts
 w

h
en

 y
ou

 
ba

ke
 a

 c
ak

e.
 W

h
ic

h
 f

oo
d

 m
ix

er
 w

ou
ld

 r
eq

u
ir

e 
th

e 
bi

gg
es

t 
fo

rc
e 

to
 t

u
rn

 w
h

en
 

yo
u

 m
ix

: t
h

e 
m

ix
er

 w
it

h
 a

 r
at

io
 o

f 
1:

3 
or

 a
 m

ix
er

 w
it

h
 a

 g
ea

r 
ra

ti
o 

of
 1

:3
0?

 
Ex

p
la

in
 y

ou
r 

an
sw

er
. 

Th
e 

ge
ar

 r
at

io
 is

 e
qu

al
 t

o:
 (t

ur
ni

ng
 f

or
ce

 a
t 

th
e 

ou
tp

ut
 a

xl
e)

 ÷
 (t

ur
ni

ng
 f

or
ce

 a
t 

th
e 

in
pu

t 
ax

le
). 

If
 t

he
 r

eq
ui

re
d 

ou
tp

ut
 t

ur
ni

ng
 f

or
ce

 is
 fi

xe
d,

 t
he

n 
a 

bi
gg

er
 g

ea
r

ra
ti

o 
wi

ll 
re

qu
ir

e 
a 

sm
al

le
r 

in
pu

t 
tu

rn
in

g 
fo

rc
e.

 T
hi

s 
is

 b
ec

au
se

 t
he

 t
ur

ni
ng

 f
or

ce

is
 t

he
 d

en
om

in
at

or
 in

 t
he

 f
or

m
ul

a 
fo

r 
ge

ar
 r

at
io

 a
bo

ve
. W

he
n 

th
e 

de
no

m
in

at
or

of
 a

 f
ra

ct
io

n 
is

 s
m

al
le

r,
 t

he
 v

al
ue

 o
f 

th
e 

fr
ac

ti
on

 is
 b

ig
ge

r.

Th
e 

ge
ar

 r
at

io
 1

:3
 is

 1
 t

hi
rd

 a
nd

 t
he

 g
ea

r 
ra

ti
o 

1:
30

 is
 1

 t
hi

rt
ie

th
. S

o 
1:

3 
is

 t
he

bi
gg

er
 o

f 
th

e 
tw

o 
ge

ar
 r

at
io

s.
 T

he
re

fo
re

 t
he

 m
ix

er
 w

it
h 

a 
ge

ar
 r

at
io

 o
f 

1:
3 

wi
ll

be
 t

he
 e

as
ie

st
 t

o 
tu

rn
, b

ut
 it

 w
ill

 t
ur

n 
th

e 
sl

ow
es

t.

B
ev

el
 g

ea
rs

 a
re

 u
se

d
 t

o 
ch

an
ge

 t
h

e 
d

ir
ec

ti
on

 o
f 

ci
rc

u
la

r 
m

ot
io

n
 in

 d
ev

ic
es

 s
u

ch
 a

s 
th

e 
h

an
d

 d
ri

ll
 in

 F
ig

u
re

 1
8 

an
d

 t
h

e 
fo

od
 m

ix
er

 in
 F

ig
u

re
 1

9.
 W

e 
ca

n
 s

ay
 t

h
at

 t
h

e 
ax

es
 o

f 
ro

ta
ti

on
 o

f 
th

e 
tw

o 
ge

ar
s 

ar
e 

at
 r

ig
h

t 
an

gl
es

.

Fi
gu

re
 1

8:
 A

 h
an

d 
dr

ill 
Fi

gu
re

 1
9:

 A
 fo

od
 m

ixe
r

Q
u

es
ti

o
n

s 
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o
u

t 
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ev
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1.
 

D
o 

yo
u

 t
h

in
k 

be
ve

l g
ea

rs
 c

an
 a

ls
o 

be
 u

se
d

 t
o 

ch
an

ge
 t

h
e 

sp
ee

d
 o

f 
ro

ta
ti

on
? 

Ex
p

la
in

 y
ou

r 
an

sw
er

 a
n

d
 g

iv
e 

ex
am

p
le

s.

Ye
s,

 if
 a

 g
ea

r 
sy

st
em

 c
on

si
st

s 
of

 t
wo

 b
ev

el
 g

ea
rs

 w
it

h 
di

ff
er

en
t 

nu
m

be
r 

of

te
et

h,
 t

he
 s

pe
ed

 o
f 

ro
ta

ti
on

 w
ill

 b
e 

ch
an

ge
d.

 F
or

 e
xa

m
pl

e,
 if

 t
he

 d
ri

ve
r 

ge
ar

 h
as

m
an

y 
m

or
e 

te
et

h 
th

an
 t

he
 d

ri
ve

n 
ge

ar
, t

he
n 

th
e 

sm
al

le
r 

dr
iv

en
 g

ea
r 

wi
ll 

ro
ta

te

m
uc

h 
fa

st
er

.

2.
 

W
h

y 
is

 f
as

t 
ro

ta
ti

on
 n

ee
d

ed
 t

o 
be

at
 e

gg
s 

p
ro

p
er

ly
?

Sl
ow

 r
ot

at
io

n 
wi

ll 
no

t 
br

ea
k 

up
 t

he
 y

ol
k 

an
d 

m
ix

 it
 w

it
h 

th
e 

eg
g 

wh
it

e,
 a

nd
 w

ill

no
t 

dr
aw

 a
ir

 in
to

 t
he

 m
ix

tu
re

. Y
ou

 n
ee

d 
a 

fa
st

 s
ti

rr
in

g 
ac

ti
on

 b
y 

th
e 

eg
g 

be
at

er

to
 d

o 
th

is
.
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8
13

9

W
h

en
 s

om
et

h
in

g 
m

ov
es

 r
ou

n
d

 a
n

d
 

ro
u

n
d

, l
ik

e 
a 

w
h

ee
l, 

th
e 

m
ov

em
en

t 
is

 c
al

le
d

 a
 c

ir
cu

la
r 

m
ot

io
n

 o
r 

ro
ta

ti
on

.
W

h
en

 s
om

et
h

in
g 

m
ov

es
 in

 a
 

st
ra

ig
h

t 
li

n
e,

 li
ke

 a
 s

to
n

e 
fa

ll
in

g,
 

th
e 

m
ov

em
en

t 
is

 c
al

le
d

 a
 li

n
ea

r 
m

ot
io

n
.

 
 

 
 

 
 

 
 

Fi
gu

re
 2

2:
 A

 ra
ck

-a
nd

-p
in

io
n 

ge
ar

 s
et

 

3.
 

W
h

ic
h

 p
ar

t 
of

 a
 r

ac
k-

an
d

-p
in

io
n

 g
ea

r 
se

t 
ro

ta
te

s?

Th
e 

pi
ni

on

4.
 

W
h

ic
h

 p
ar

t 
of

 a
 r

ac
k-

an
d

-p
in

io
n

 g
ea

r 
se

t 
m

ov
es

 in
 a

 s
tr

ai
gh

t 
li

n
e?

Th
e 

ra
ck

5.
 

If
 t

h
e 

d
is

ta
n

ce
 b

et
w

ee
n

 t
w

o 
te

et
h

 o
n

 
th

e 
ra

ck
 is

 3
 c

m
, a

n
d

 t
h

e 
p

in
io

n
 h

as
 

18
 t

ee
th

, h
ow

 f
ar

 w
il

l t
h

e 
ra

ck
 m

ov
e 

if
 t

h
e 

p
in

io
n

 g
ea

r 
m

ak
es

 o
n

e 
fu

ll
 

re
vo

lu
ti

on
?

Th
e 

ra
ck

 w
ill

 m
ov

e

18
 ×

 3
 c

m
 =

 5
4 

cm
.

Fi
gu

re
 2

1

Th
e 

ge
ar

 w
he

el
 is

 c
al

le
d 

th
e 

pi
ni

on
 g

ea
r.

Th
e 

st
ra

ig
ht

 b
ar

 w
ith

 te
et

h 
is

 
ca

lle
d 

th
e 

ra
ck

 g
ea

r.

Fi
gu

re
 2

3

R
ac

k-
an

d-
pi

ni
on

 g
ea

rs

Fi
gu

re
 2

0:
 A

 ra
ck

-a
nd

-p
in

io
n 

ge
ar

 in
 a

 s
ec

ur
ity

 g
at

e

Q
u

es
ti

o
n

s 
ab

o
u

t 
ra

ck
-a

n
d

-p
in

io
n

 g
ea

rs
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In
 F

ig
u

re
 2

0,
 y

ou
 c

an
 s

ee
 a

 s
h

el
l s

tr
u

ct
u

re
 t

h
at

 is
 b

ol
te

d
 t

o 
th

e 
gr

ou
n

d
 o

n
 t

h
e 

in
si

d
e 

of
 t

h
e 

ga
te

.
1.

 
W

h
at

 d
o 

yo
u

 t
h

in
k 

is
 in

si
d

e 
th

e 
sh

el
l s

tr
u

ct
u

re
 in

 F
ig

u
re

 2
0,

 a
n

d
 w

h
y 

is
 it

 t
h

er
e?

Th
er

e 
is

 a
n 

el
ec

tr
ic

 m
ot

or
 in

si
de

 t
he

 s
tr

uc
tu

re
. T

he
 m

ot
or

 t
ur

ns
 t

he
 s

pu
r 

ge
ar

 

to
 o

pe
n 

th
e 

ga
te

.

2.
 

In
 w

h
ic

h
 d

ir
ec

ti
on

 w
il

l t
h

e 
ga

te
 m

ov
e 

w
h

en
 t

h
e 

ge
ar

 w
h

ee
l i

s 
tu

rn
ed

 c
lo

ck
w

is
e 

(a
s 

se
en

 f
ro

m
 in

si
de

 
th

e 
ga

te
), 

in
 F

ig
u

re
 2

0?

 T
he

 g
at

e 
wi

ll 
m

ov
e 

to
 t

he
 r

ig
ht

, a
s 

se
en

 f
ro

m

th
e 

in
si

de
.

Th
e 

ge
ar

 w
he

el
 is

 c
al

le
d 

th
e 

pi
ni

on
 g

ea
r.

Th
e 

st
ra

ig
ht

 b
ar

 w
ith

 te
et

h 
is

 
ca

lle
d 

th
e 

ra
ck

 g
ea

r.
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1

W
or

m
 g

ea
rs

Fi
gu

re
 2

5:
 A

 w
or

m
 g

ea
r s

et
 

A
 w

or
m

 g
ea

r 
se

t 
co

n
si

st
s 

of
 a

 w
or

m
 a

n
d

 a
 w

or
m

 w
h

ee
l. 

T
h

e 
w

or
m

 w
h

ee
l i

s 
ve

ry
 

si
m

il
ar

 t
o 

a 
sp

u
r 

ge
ar

. W
h

en
 t

h
e 

w
or

m
 t

u
rn

s,
 it

 s
lo

w
ly

 p
u

sh
es

 t
h

e 
w

h
ee

l r
ou

n
d

 a
n

d
 

ro
u

n
d

. T
h

e 
w

or
m

 is
 t

h
e 

d
ri

ve
r 

ge
ar

, a
n

d
 t

h
e 

w
h

ee
l i

s 
th

e 
d

ri
ve

n
 g

ea
r.

 

In
 F

ig
u

re
 2

6 
be

lo
w

, y
ou

 c
an

 s
ee

 t
h

at
 t

h
e 

w
or

m
 d

ri
ve

r 
to

u
ch

es
 t

h
re

e 
of

 t
h

e 
w

h
ee

l’s
 

te
et

h
. O

n
ly

 t
h

e 
re

d
 t

oo
th

 o
n

 t
h

e 
ri

gh
t 

is
 a

ct
u

al
ly

 p
u

sh
ed

 b
y 

th
e 

w
or

m
 a

s 
it

 t
u

rn
s.

Fi
gu

re
 2

6

W
or

m
 g

ea
r 

se
ts

 a
re

 n
or

m
al

ly
 d

es
ig

n
ed

 s
o 

th
at

 t
h

e 
w

or
m

 p
u

sh
es

 a
ga

in
st

 a
 d

if
fe

re
n

t 
to

ot
h

 d
u

ri
n

g 
ea

ch
 r

ev
ol

u
ti

on
. I

n
 o

th
er

 w
or

d
s,

 f
or

 e
ac

h
 f

u
ll

 r
ev

ol
u

ti
on

 o
f 

th
e 

w
or

m
, 

th
e 

w
or

m
 w

h
ee

l r
ot

at
es

 b
y 

on
e 

to
ot

h
. 

A
ft

er
 fi

ve
 r

ev
ol

u
ti

on
s 

of
 t

h
e 

w
or

m
, t

h
e 

re
d

 t
oo

th
 w

il
l b

e 
at

 t
h

e 
bl

u
e 

d
ot

 in
 F

ig
u

re
 

26
, a

n
d

 t
h

e 
ye

ll
ow

 d
ot

 w
il

l b
e 

w
h

er
e 

th
e 

re
d

 t
oo

th
 w

as
 a

t 
th

e 
st

ar
t.

So
m

e 
ca

rs
 h

av
e 

st
ee

ri
n

g 
sy

st
em

s 
th

at
 w

or
k 

w
it

h
 r

ac
k-

an
d

-p
in

io
n

 g
ea

rs
.

In
 F

ig
u

re
 2

4,
 y

ou
 c

an
 s

ee
 t

h
at

 t
h

e 
st

ee
ri

n
g 

w
h

ee
l i

s 
co

n
n

ec
te

d
 t

o 
a 

p
in

io
n

 g
ea

r.
 

W
h

en
 y

ou
 t

u
rn

 t
h

e 
st

ee
ri

n
g 

w
h

ee
l, 

th
e 

p
in

io
n

 g
ea

r 
al

so
 r

ot
at

es
 a

n
d

 m
ov

es
 t

h
e 

ra
ck

 g
ea

r 
fr

om
 s

id
e 

to
 s

id
e,

 a
 b

it
 li

ke
 a

n
 e

le
ct

ri
c 

se
cu

ri
ty

 g
at

e.

Fi
gu

re
 2

4:
 A

 ra
ck

-a
nd

-p
in

io
n 

ca
r-s

te
er

in
g 

sy
st

em
 

T
h

e 
ra

ck
 c

on
n

ec
ts

 t
o 

th
e 

fr
on

t 
w

h
ee

ls
 a

n
d

 t
u

rn
s 

th
em

 f
ro

m
 s

id
e 

to
 s

id
e 

as
 y

ou
 

tu
rn

 t
h

e 
st

ee
ri

n
g 

w
h

ee
l. 

6.
 

(a
) H

ow
 m

an
y 

te
et

h
 d

oe
s 

th
e 

p
in

io
n

 g
ea

r 
of

 t
h

e 
st

ee
ri

n
g 

sy
st

em
 in

 F
ig

u
re

 2
4 

 
h

av
e?

 8
 t

ee
th

(b
) W

h
at

 d
if

fe
re

n
ce

 w
il

l i
t 

m
ak

e 
to

 t
h

e 
ca

r 
d

ri
ve

r 
if

 t
h

e 
p

in
io

n
 g

ea
r 

is
 r

ep
la

ce
d

 
w

it
h

 a
 b

ig
ge

r 
ge

ar
 t

h
at

 h
as

 2
7 

te
et

h
?

It
 w

ill
 b

e 
ha

rd
er

 t
o 

tu
rn

 t
he

 w
he

el
 b

ut
 t

he
 d

ri
ve

r 
wi

ll 
no

t 
ha

ve
 t

o 
tu

rn
 t

he
wh

ee
l a

s 
m

uc
h.
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2
14

3

Tr
y 

to
 e

xp
la

in
 s

o
m

et
h

in
g,

 a
n

d
 d

es
ig

n
 a

 ja
ck

Th
er

e 
is

 a
no

th
er

 u
se

fu
l t

hi
ng

 a
bo

ut
 w

or
m

 g
ea

rs
: t

he
 w

or
m

 c
an

 tu
rn

 th
e 

w
or

m
 w

he
el

, b
ut

 th
e 

w
or

m
 

w
he

el
 c

an
no

t t
ur

n 
th

e 
w

or
m

. T
ha

t i
s 

w
hy

 w
or

m
 g

ea
rs

 a
re

 u
se

d 
fo

r 
el

ev
at

or
s.

Im
ag

in
e 

yo
u 

ar
e 

in
 a

n 
el

ev
at

or
 th

at
 is

 li
fte

d 
by

 a
n 

or
di

na
ry

 s
pu

r 
ge

ar
 s

et
 a

nd
 th

e 
po

w
er

 g
oe

s 
of

f.
Ex

pl
ai

n 
w

ha
t w

ou
ld

 h
ap

pe
n 

an
d 

w
hy

.

Th
e 

el
ev

at
or

 w
ill

 s
to

p 
go

in
g 

up
wa

rd
s,

 b
ec

au
se

 t
he

 e
le

ct
ri

c 
m

ot
or

 t
ha

t 
po

we
rs

 t
he

 
dr

iv
er

 g
ea

r 
wi

ll 
ha

ve
 s

to
pp

ed
 w

or
ki

ng
. T

he
n 

th
e 

we
ig

ht
 o

f 
th

e 
el

ev
at

or
 w

ill
 m

ak
e 

th
e 

ge
ar

 t
ha

t 
is

 n
or

m
al

ly
 t

he
 d

ri
ve

n 
ge

ar
 t

ur
n 

in
 t

he
 o

pp
os

it
e 

di
re

ct
io

n 
so

 t
ha

t 
th

e 
el

ev
at

or
 w

ill
 g

o 
do

wn
. T

he
 e

le
va

to
r 

is
 h

ea
vy

 e
no

ug
h 

to
 t

ur
n 

th
e 

el
ec

tr
ic

 m
o-

to
r 

in
 t

he
 d

ir
ec

ti
on

 o
pp

os
it

e 
to

 t
he

 d
ir

ec
ti

on
 in

 w
hi

ch
 it

 s
ho

ul
d 

tu
rn

 t
o 

lif
t 

th
e 

el
ev

at
or

 u
p.

 I
t 

is
 p

os
si

bl
e 

th
at

 t
he

 e
le

va
to

r 
ca

n 
go

 d
ow

n 
ve

ry
 f

as
t 

an
d 

th
e 

pe
op

le
 

in
 it

 c
an

 b
e 

in
ju

re
d 

wh
en

 t
he

 e
le

va
to

r 
hi

ts
 t

he
 g

ro
un

d.

Yo
u 

le
ar

nt
 a

bo
ut

 h
yd

ra
ul

ic
 c

ar
 ja

ck
s 

in
 C

ha
pt

er
 6

. T
he

re
 a

re
 a

ls
o 

ot
he

r 
ki

nd
s 

of
 c

ar
 ja

ck
s.

 M
ak

e 
a 

ro
ug

h 
sk

et
ch

 o
f h

ow
 a

 r
ac

k-
an

d-
pi

ni
on

 s
ys

te
m

 c
om

bi
ne

d 
w

ith
 a

 r
at

ch
et

-a
nd

-p
aw

l s
ys

te
m

 c
an

 b
e 

us
ed

 to
 m

ak
e 

a 
ca

r 
ja

ck
.

Le
ar

ne
rs

’ o
wn

 d
es

ig
ns

.

N
ex

t 
w

ee
k

N
ex

t 
w

ee
k,

 y
ou

 w
il

l l
oo

k 
at

 d
if

fe
re

n
t 

d
ev

ic
es

 t
h

at
 p

eo
p

le
 o

ft
en

 u
se

, a
n

d
 y

ou
 

w
il

l e
va

lu
at

e 
th

em
. Y

ou
 w

il
l a

ls
o 

m
ak

e 
an

 a
rt

is
ti

c 
d

ra
w

in
g 

of
 t

h
e 

in
si

d
e 

of
 y

ou
r 

cl
as

sr
oo

m
.

Q
u

es
ti

o
n

s 
ab

o
u

t 
w

o
rm

 g
ea

rs
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1.
 

If
 t

h
e 

w
h

ee
l i

n
 F

ig
u

re
 2

6 
h

as
 3

2 
te

et
h

, h
ow

 m
an

y 
re

vo
lu

ti
on

s 
w

il
l t

h
e 

w
or

m
 

h
av

e 
to

 m
ak

e 
fo

r 
th

e 
w

h
ee

l t
o 

m
ak

e 
on

e 
fu

ll
 r

ev
ol

u
ti

on
?

32

2.
 

D
oe

s 
th

e 
to

ot
h

ed
 w

h
ee

l t
u

rn
 f

as
te

r 
or

 s
lo

w
er

 t
h

an
 t

h
e 

w
or

m
?

sl
ow

er

3.
 

If
 t

h
er

e 
ar

e 
18

 t
ee

th
 o

n
 t

h
e 

w
h

ee
l, 

an
d

 t
h

e 
w

or
m

 is
 t

u
rn

ed
 a

t 
6 

rp
m

, h
ow

 lo
n

g 
w

il
l i

t 
ta

ke
 f

or
 t

h
e 

to
ot

h
ed

 w
h

ee
l t

o 
m

ak
e 

on
e 

fu
ll

 r
ev

ol
u

ti
on

?

m
in

ut
es

4.
 

If
 t

h
er

e 
ar

e 
18

 t
ee

th
 o

n
 t

h
e 

w
h

ee
l, 

h
ow

 f
as

t 
sh

ou
ld

 t
h

e 
w

or
m

 b
e 

tu
rn

ed
 t

o 
m

ak
e 

th
e 

w
h

ee
l t

u
rn

 a
t 

3 
rp

m
?

Th
e 

wh
ee

l h
as

 1
8 

te
et

h 
so

 if
 it

 m
ak

es
 o

ne
 r

ev
ol

ut
io

n 
th

en
 1

8 
te

et
h 

m
ov

e 
pa

st
th

e 
wo

rm
. S

o 
in

 3
 r

ev
ol

ut
io

ns
 5

4 
te

et
h 

m
ov

e 
pa

st
 t

he
 w

or
m

 
Ea

ch
 t

ur
n 

of
 t

he
 w

or
m

 m
ov

es
 1

 t
oo

th
 o

f 
th

e 
wh

ee
l s

o 
it

 w
ill

 t
ak

e 
54

 t
ur

ns
 o

f 
th

e
wo

rm
 t

o 
m

ak
e 

3 
re

vo
lu

ti
on

s 
of

 t
he

 w
he

el
.

So
 t

he
 w

or
m

 m
us

t 
tu

rn
 a

t 
54

 r
pm

 t
o 

m
ak

e 
th

e 
wh

ee
l t

ur
n 

at
 3

 r
pm

.

T
h

e 
re

as
on

 w
e 

u
se

 w
or

m
 g

ea
rs

 
is

 t
o 

ge
t 

a 
la

rg
e 

re
d

u
ct

io
n

 in
 

ou
tp

u
t 

sp
ee

d
, w

h
ic

h
 m

ea
n

s 
a 

bi
g 

in
cr

ea
se

 in
 o

u
tp

u
t 

fo
rc

e.
 

A
s 

w
it

h
 s

p
u

r 
ge

ar
 s

et
s,

 t
h

e 
sl

ow
er

 t
h

e 
ou

tp
u

t 
ge

ar
 t

u
rn

s,
 

th
e 

m
or

e 
tu

rn
in

g 
fo

rc
e 

it
 h

as
. 

A
s 

th
e 

w
or

m
 r

ot
at

es
 f

as
t,

 t
h

e 
w

or
m

 w
h

ee
l r

ot
at

es
 s

lo
w

ly
, b

u
t 

w
it

h
 g

re
at

er
 f

or
ce

. T
h

at
 is

 w
h

y 
w

or
m

 g
ea

rs
 a

re
 u

se
d

 t
o 

li
ft

 h
ea

vy
 

ob
je

ct
s.

Fi
gu

re
 2

7:
 A

 w
or

m
 a

nd
 w

or
m

 w
he

el
 u

se
d 

m
an

y 
ye

ar
s 

ag
o 

to
 li

ft 
he

av
y 

lo
ad

s
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H
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C

H
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O
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G
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C
h

a
p

te
r

 9
M

ec
h

an
is

m
s 

at
 h

o
m

e 

In
 p

re
vi

ou
s 

ch
ap

te
rs

, t
he

 le
ar

ne
rs

 in
ve

st
ig

at
ed

 th
e 

m
ec

ha
ni

ca
l a

dv
an

ta
ge

 p
ro

vi
de

d 
by

 
le

ve
rs

 a
nd

 g
ea

rs
. T

he
y 

ha
ve

 le
ar

nt
 h

ow
 th

is
 c

an
 b

e 
us

ed
 in

 p
ow

er
ed

 m
ac

hi
ne

ry
, a

nd
 h

ow
 th

e 
m

ec
ha

ni
ca

l a
dv

an
ta

ge
 w

or
ks

 o
n 

la
rg

e-
sc

al
e 

to
ol

s 
an

d 
ve

hi
cl

es
.

 In
 th

e 
fir

st
 s

ec
tio

n 
of

 C
ha

pt
er

 9
, t

he
y 

w
ill 

fo
cu

s 
on

 h
ow

 m
ec

ha
ni

ca
l a

dv
an

ta
ge

 is
 u

se
d 

in
 

co
m

m
on

 to
ol

s;
 in

 th
e 

ki
tc

he
n,

 th
e 

ga
rd

en
 a

nd
 a

ro
un

d 
th

e 
ho

us
e.

 T
he

 le
ar

ne
rs

 w
ill 

ev
al

ua
te

 
an

d 
w

rit
e 

a 
re

po
rt

 o
n 

th
re

e 
to

ol
s 

th
ey

 h
av

e 
se

en
 u

se
d 

re
gu

la
rly

 a
t h

om
e,

 w
ith

 th
e 

fo
cu

s 
on

 
un

de
rs

ta
nd

in
g 

th
e 

m
ec

ha
ni

ca
l a

dv
an

ta
ge

 g
ai

ne
d 

by
 u

si
ng

 th
e 

to
ol

.

Th
e 

le
ar

ne
rs

 th
en

 fo
llo

w
 th

is
 u

p 
by

 re
vi

si
ng

 s
in

gl
e-

po
in

t p
er

sp
ec

tiv
e 

dr
aw

in
gs

 th
ro

ug
h 

le
ar

ni
ng

 
ab

ou
t t

he
 v

an
is

hi
ng

 p
oi

nt
 o

n 
th

e 
ho

riz
on

. T
he

y 
fin

al
is

e 
th

e 
ch

ap
te

r 
by

 d
oi

ng
 a

 d
ra

w
in

g 
of

 th
e 

cl
as

sr
oo

m
 fr

om
 th

ei
r 

ne
w

 k
no

w
le

dg
e 

on
 th

is
 p

er
sp

ec
tiv

e.
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9.
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Si
ng

le
 v

an
is

hi
ng

 p
oi

nt
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er
sp

ec
tiv
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dr

aw
in
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...

...
...

...
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9.
3 

Dr
aw

 y
ou

r 
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sr

oo
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Fi
gu

re
 1

: A
 c

an
 o

pe
ne

r

M
at

er
ia

ls
 n

ee
de

d 
fo

r 
th

is
 c

ha
pt

er
:

pe
n

pe
nc

ils

co
lo

ur
ed

 p
en

ci
ls

pe
nc

il 
sh

ar
pe

ne
r

er
as

er

To
ol

s 
th

at
 w

ill
 a

ss
is

t w
ith

 te
ac

hi
ng

 (a
ny

 o
f 

th
e 

fo
llo

w
in

g 
w

ill
 h

el
p)

:

a 
br

ea
dk

ni
fe

a 
ga

rd
en

 s
pa

de
 o

r 
tro

w
el

a 
sp

an
ne

r

a 
ca

n 
op

en
er

an
 e

gg
 b

ea
te

r

9.
1 

To
ol

s 
at

 h
om

e
Th

e 
im

po
rt

an
t a

sp
ec

t o
f t

hi
s 

le
ss

on
 is

 fo
r 

th
e 

le
ar

ne
rs

 to
 e

xp
lo

re
 h

ow
 le

ve
rs

 a
nd

 g
ea

rs
 a

re
 u

se
d 

in
 a

ll 
to

ol
s,

 in
cl

ud
in

g 
th

os
e 

w
ith

 w
hi

ch
 th

ey
 a

re
 fa

m
ilia

r. 
Th

is
 is

 e
xp

la
in

ed
 in

 th
e 

in
tro

du
ct

io
n.

 
Be

fo
re

 th
e 

le
ar

ne
rs

 d
o 

th
e 

ex
er

ci
se

, t
he

y 
ne

ed
 to

 u
nd

er
st

an
d 

cl
ea

rly
 h

ow
 m

ec
ha

ni
ca

l 
ad

va
nt

ag
e 

is
 g

ai
ne

d 
w

he
n 

us
in

g 
to

ol
s.

 It
 w

ill 
he

lp
 if

 y
ou

 c
an

 d
em

on
st

ra
te

 th
e 

le
ve

r 
pr

in
ci

pl
e 

us
in

g 
th

e 
kn

ife
, s

pa
nn

er
 o

r 
sp

ad
e.

 A
sk

 th
e 

le
ar

ne
rs

 to
 te

ll 
yo

u 
w

hi
ch

 c
la

ss
 o

f l
ev

er
 e

ac
h 

is
. (

Al
l 

th
e 

le
ve

rs
 a

re
 th

ird
 c

la
ss

.)

De
m

on
st

ra
te

 th
e 

ge
ar

s 
in

 th
e 

eg
g 

be
at

er
 a

nd
/o

r 
th

e 
ca

n 
op

en
er

. O
n 

th
e 

eg
g 

be
at

er
, a

sk
 th

e 
le

ar
ne

rs
 to

 id
en

tif
y 

th
e 

be
ve

l g
ea

r. 
Co

un
t t

he
 te

et
h 

on
 th

e 
eg

g 
be

at
er

 o
n 

bo
th

 g
ea

rs
, a

nd
 a

sk
 th

e 
cl

as
s 

to
 c

al
cu

la
te

 th
e 

ra
tio

.

Fo
r 

th
e 

ex
er

ci
se

, t
he

 le
ar

ne
rs

 m
us

t e
va

lu
at

e 
th

re
e 

of
 th

e 
to

ol
s 

on
 th

e 
lis

t. 
Yo

u 
do

n’
t w

an
t a

ll 
th

e 
le

ar
ne

rs
 to

 d
o 

th
e 

sa
m

e 
th

re
e 

to
ol

s,
 s

o 
it 

is
 re

co
m

m
en

de
d 

th
at

 y
ou

 a
llo

ca
te

 th
re

e 
di

ffe
re

nt
 to

ol
s 

to
 e

ac
h 

le
ar

ne
r. 

Th
is

 w
ay

 a
ll 

th
e 

to
ol

s 
w

ill 
be

 d
es

cr
ib

ed
. M

ak
e 

su
re

 th
at

 th
e 

le
ar

ne
r 

kn
ow

s 
w

ha
t 

th
e 

to
ol

 is
 th

at
 h

e 
or

 s
he

 is
 d

es
cr

ib
in

g.
 W

he
n 

th
ey

 h
av

e 
co

m
pl

et
ed

 th
e 

ex
er

ci
se

, t
he

 e
va

lu
at

io
n 

of
 e

ac
h 

to
ol

 m
us

t b
e 

re
ad

 o
ut

 b
y 

a 
le

ar
ne

r 
w

ho
 h

as
 d

es
cr

ib
ed

 th
at

 to
ol

. T
he

y 
m

us
t e

xp
la

in
 w

hy
 

th
e 

to
ol

 h
as

 a
 m

ec
ha

ni
ca

l a
dv

an
ta

ge
.

9.
2 

Si
ng

le
 v

an
is

hi
ng

 p
oi

nt
 p

er
sp

ec
ti

ve
 d

ra
w

in
g

Th
e 

le
ar

ne
rs

 m
ov

e 
on

to
 s

in
gl

e 
va

ni
sh

in
g 

po
in

t p
er

sp
ec

tiv
e 

dr
aw

in
g 

in
 th

is
 s

ec
tio

n.
 T

hi
s 

is
 

in
tro

du
ce

d 
th

ro
ug

h 
th

e 
de

sc
rip

tio
n 

an
d 

de
fin

iti
on

 o
f t

he
 h

or
iz

on
 a

nd
 a

 v
an

is
hi

ng
 p

oi
nt

. U
si

ng
 

th
e 

illu
st

ra
tio

ns
, t

he
n 

en
co

ur
ag

in
g 

th
e 

le
ar

ne
rs

 to
 g

iv
e 

th
ei

r 
ow

n 
ex

am
pl

es
 (s

uc
h 

as
 r

ai
lw

ay
 

lin
es

), 
w

ill 
m

ak
e 

th
e 

un
de

rs
ta

nd
in

g 
m

uc
h 

ea
si

er
.

Th
e 

le
ar

ne
rs

 th
en

 ta
ke

 th
is

 k
no

w
le

dg
e 

an
d 

ap
pl

y 
it 

on
 a

 s
m

al
le

r 
sc

al
e 

th
ro

ug
h 

th
e 

fir
st

 e
xe

rc
is

e,
 

th
e 

dr
aw

in
g 

of
 a

 c
ub

e 
in

 3
D 

va
ni

sh
in

g 
po

in
t p

er
sp

ec
tiv

e.
 W

he
n 

th
e 

le
ar

ne
rs

 s
ee

 th
at

 th
e 

pr
in

ci
pl

e 
is

 
th

e 
sa

m
e 

re
ga

rd
le

ss
 o

f t
he

 s
ca

le
 o

f t
he

 s
ub

je
ct

 –
 c

om
pa

re
 th

e 
dr

aw
in

g 
of

 th
e 

ro
ad

 in
 F

ig
ur

e 
7 

w
ith

 
th

e 
cu

be
 in

 F
ig

ur
e 

8 
– 

th
ey

 w
ill 

se
e 

th
at

 v
an

is
hi

ng
 p

oi
nt

 p
er

sp
ec

tiv
e 

is
 e

as
y 

to
 u

nd
er

st
an

d 
an

d 
dr

aw
.

Yo
u 

ca
n 

m
ak

e 
su

re
 th

at
 th

ey
 a

re
 a

bl
e 

to
 d

ra
w

 th
is

 p
er

sp
ec

tiv
e 

w
he

n 
th

ey
 th

en
 d

ra
w

 th
e 

3D
 

sh
ad

ed
 w

oo
de

n 
ob

je
ct

 in
 th

e 
ex

er
ci

se
 U

se
 s

in
gl

e 
va

ni
sh

in
g 

po
in

t p
er

pe
ct

iv
e 

on
 L

ea
rn

er
 

Bo
ok

 p
ag

e 
11

9.
 T

el
l t

he
m

 th
at

 th
ey

 d
on

’t 
ha

ve
 to

 d
ra

w
 th

e 
pl

an
k 

in
 F

ig
ur

e 
9:

 th
at

 is
 o

nl
y 

th
er

e 
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TE
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14
6to

 g
iv

e 
th

em
 a

n 
id

ea
 o

f s
ha

di
ng

, t
ex

tu
re

 a
nd

 c
ol

ou
rin

g.
 T

he
y 

ca
n 

dr
aw

 a
ny

 w
oo

de
n 

ob
je

ct
; f

or
 

ex
am

pl
e 

a 
pi

ec
e 

of
 fu

rn
itu

re
, o

r 
an

y 
w

oo
de

n 
sh

ap
e.

9.
3 

D
ra

w
 y

ou
r 

cl
as

sr
oo

m
In

 s
ec

tio
n 

9.
3,

 th
e 

le
ar

ne
rs

 w
ill 

sh
ow

 th
at

 th
ey

 h
av

e 
le

ar
nt

 th
e 

sk
ill 

of
 s

in
gl

e 
va

ni
sh

in
g 

po
in

t 
pe

rs
pe

ct
iv

e 
by

 d
ra

w
in

g 
th

ei
r 

cl
as

sr
oo

m
 fr

om
 th

e 
in

si
de

. U
si

ng
 F

ig
ur

e 
11

, y
ou

 c
an

 re
m

in
d 

th
em

 
of

 h
ow

 th
e 

po
in

ts
 in

 a
 ‘v

an
is

hi
ng

 p
oi

nt
’ p

er
sp

ec
tiv

e 
w

ou
ld

 a
ll 

ev
en

tu
al

ly
 m

ee
t a

t t
he

 h
or

iz
on

. I
f 

th
ey

 e
xt

en
d 

th
e 

lin
es

 th
at

 a
re

 in
 p

er
sp

ec
tiv

e,
 th

ey
 w

ill 
al

l m
ee

t. 
Yo

u 
ca

n 
de

m
on

st
ra

te
 th

at
 th

e 
cl

as
sr

oo
m

 w
al

ls
 a

re
 p

ar
al

le
l i

n 
re

al
ity

, b
ut

 if
 d

ra
w

n 
fro

m
 w

he
re

 th
e 

le
ar

ne
rs

 s
it,

 b
ec

au
se

 o
f 

va
ni

sh
in

g 
po

in
t p

er
sp

ec
tiv

e,
 th

e 
lin

es
 w

ou
ld

 e
ve

nt
ua

lly
 m

ee
t. 

Fi
gu

re
 1

2 
sh

ow
s 

ho
w

 th
is

 w
or

ks
. O

n 
pa

ge
 1

12
, t

he
 le

ar
ne

rs
 m

us
t d

ra
w

 th
e 

ro
om

 th
ey

 a
re

 s
itt

in
g 

in
, u

si
ng

 s
in

gl
e 

va
ni

sh
in

g 
po

in
t p

er
sp

ec
tiv

e.
 A

sk
 th

em
 n

ot
 to

 c
op

y 
Fi

gu
re

 1
2.

 T
he

y 
m

us
t o

bs
er

ve
 

th
e 

pe
rs

pe
ct

iv
e 

of
 th

e 
w

al
ls

 th
ey

 a
re

 s
itt

in
g 

in
 a

nd
 d

ra
w

 th
em

 a
s 

th
ey

 s
ee

 th
em

. O
nl

y 
af

te
rw

ar
ds

 
m

us
t t

he
y 

co
m

pa
re

 th
ei

r 
ow

n 
dr

aw
in

g 
w

ith
 F

ig
ur

e 
12

 to
 s

ee
 if

 th
ey

 h
av

e 
un

de
rs

to
od

 th
e 

m
et

ho
d.

 
Th

e 
co

nc
ep

t o
f t

he
 li

ne
s 

m
ee

tin
g 

at
 a

 v
an

is
hi

ng
 p

oi
nt

 is
 v

er
y 

im
po

rt
an

t.

Th
e 

le
ar

ne
rs

 m
us

t e
va

lu
at

e 
on

e 
an

ot
he

rs
’ s

ke
tc

he
s 

an
d 

m
ak

e 
co

ns
tr

uc
tiv

e 
co

m
m

en
ts

 w
he

re
 

ne
ce

ss
ar

y.   Fi
gu

re
 2

9.
1 

To
ol

s 
at

 h
om

e

So
 f

ar
, y

ou
 h

av
e 

le
ar

n
t 

ab
ou

t 
le

ve
rs

, c
ar

 ja
ck

s,
 p

u
ll

ey
s 

an
d

 g
ea

rs
. T

h
es

e 
to

ol
s 

m
ak

e 
li

fe
 e

as
ie

r 
fo

r 
u

s 
si

n
ce

 t
h

ey
 g

iv
e 

u
s 

a 
m

ec
h

an
ic

al
 a

dv
an

ta
ge

, w
h

ic
h

 in
 t

u
rn

 g
iv

es
 u

s 
ad

d
it

io
n

al
 s

tr
en

gt
h

, g
ri

p
 a

n
d

 li
ft

. 
It

 is
 n

ot
 o

n
ly

 b
ig

 m
ac

h
in

es
 t

h
at

 b
en

efi
t 

fr
om

 t
h

es
e 

ad
va

n
ta

ge
s.

 A
t 

h
om

e,
 w

e 
h

av
e 

m
an

y 
to

ol
s 

th
at

 a
ls

o 
gi

ve
 u

s 
a 

m
ec

h
an

ic
al

 a
d

va
n

ta
ge

. Y
ou

 w
il

l fi
n

d
 t

h
em

 in
 t

h
e 

ki
tc

h
en

, t
h

e 
ga

rd
en

 a
n

d
 t

h
e 

ga
ra

ge
. 

It
 is

 n
ot

 a
lw

ay
s 

ob
vi

ou
s 

th
at

 c
er

ta
in

 h
om

e 
to

ol
s 

gi
ve

 u
s 

a 
m

ec
h

an
ic

al
 a

d
va

n
ta

ge
.  

H
er

e 
ar

e 
so

m
e 

ex
am

p
le

s 
to

 s
h

ow
 y

ou
 h

ow
 a

 m
ec

h
an

ic
al

 a
d

va
n

ta
ge

 c
an

 s
om

et
im

es
 

be
 h

id
d

en
.

• 
A

 b
re

ad
 k

n
if

e 
is

 a
 le

ve
r.

 I
t 

w
or

ks
 w

el
l t

o 
sl

ic
e 

th
ro

u
gh

 b
re

ad
 b

ec
au

se
 it

 h
as

 a
 

lo
n

g 
h

an
d

le
. 

• 
A

 g
ar

d
en

 s
p

ad
e 

is
 a

ls
o 

a 
le

ve
r 

th
at

 h
el

p
s 

to
 b

re
ak

 t
h

e 
su

rf
ac

e 
of

 t
h

e 
so

il
. Y

ou
 

p
ro

vi
d

e 
th

e 
p

ow
er

 (e
ff

or
t)

 w
it

h
 y

ou
r 

h
an

d
s,

 a
n

d
 y

ou
r 

fo
ot

 is
 t

h
e 

fu
lc

ru
m

. I
f 

yo
u

 
h

ol
d

 t
h

e 
h

an
d

le
 w

it
h

 o
n

e 
h

an
d

 a
n

d
 p

la
ce

 y
ou

r 
ot

h
er

 h
an

d
 o

n
 t

h
e 

sh
af

t 
of

 t
h

e 
sp

ad
e,

 y
ou

r 
se

co
n

d
 h

an
d

 is
 t

h
e 

fu
lc

ru
m

. 
• 

A
 s

p
an

n
er

 is
 a

 le
ve

r 
th

at
 f

it
s 

ex
ac

tl
y 

on
to

 a
 n

u
t 

so
 t

h
at

 t
h

e 
n

u
t 

ca
n

 b
e 

ti
gh

te
n

ed
 

or
 lo

os
en

ed
 e

as
il

y.
 

• 
A

n
 e

gg
 b

ea
te

r 
u

se
s 

be
ve

l g
ea

rs
 t

o 
ch

an
ge

 t
h

e 
d

ir
ec

ti
on

 o
f 

m
ov

em
en

t.
 T

h
e 

w
h

is
k 

sp
in

s 
fa

st
er

 t
h

an
 t

h
e 

h
an

d
le

 t
u

rn
s.

 T
h

e 
h

an
d

le
 is

 a
tt

ac
h

ed
 t

o 
th

e 
d

ri
ve

r 
ge

ar
, 

th
at

 h
as

 m
an

y 
te

et
h

. I
m

ag
in

e 
th

at
 it

 h
as

 3
6 

te
et

h
. T

h
e 

fo
ll

ow
er

 g
ea

rs
 h

av
e 

fe
w

er
 

te
et

h
 t

h
an

 t
h

e 
d

ri
ve

r 
ge

ar
. I

m
ag

in
e 

th
at

 t
h

ey
 e

ac
h

 h
av

e 
12

 t
ee

th
. F

or
 e

ve
ry

 
tu

rn
 o

f 
th

e 
d

ri
ve

r 
ge

ar
, t

h
e 

fo
ll

ow
er

 g
ea

rs
 w

il
l t

u
rn

 t
h

re
e 

ti
m

es
. T

h
is

 g
iv

es
 t

h
e 

m
ec

h
an

ic
al

 a
d

va
n

ta
ge

. 
• 

W
in

d
 p

u
m

p
s 

or
 w

in
d

 t
u

rb
in

es
 s

p
in

 a
ro

u
n

d
 b

ec
au

se
 t

h
e 

bl
ad

es
 a

re
 le

ve
rs

. T
h

e 
w

in
d

 p
u

sh
es

 a
ga

in
st

 t
h

e 
bl

ad
e,

 a
ct

in
g 

as
 t

h
e 

fo
rc

e.
 T

h
ey

 a
ls

o 
u

se
 g

ea
rs

 t
o 

d
ri

ve
 

p
u

m
p

s.
• 

A
 c

an
 o

p
en

er
 u

se
s 

ge
ar

s 
an

d
 le

ve
rs

 t
o 

m
ak

e 
it

 e
as

y 
to

 c
u

t 
th

ro
u

gh
 t

h
e 

li
d

 o
f 

a 
ca

n
.
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1.
 

Se
le

ct
 a

n
y 

th
re

e 
of

 t
h

e 
to

ol
s 

li
st

ed
 h

er
e 

an
d

 e
va

lu
at

e 
th

em
.

• 
ca

n
 o

p
en

er
• 

eg
g 

be
at

er
• 

st
ra

p
 s

p
an

n
er

 f
or

 o
p

en
in

g 
bo

tt
le

s
• 

vi
ce

 g
ri

p
 

• 
w

ir
e 

st
ri

p
p

er
• 

ra
tc

h
et

 s
p

an
n

er
• 

n
ai

l s
ci

ss
or

s
• 

la
d

d
er

 

• 
se

ca
te

u
rs

 
• 

p
ap

er
 p

u
n

ch
 

• 
st

ap
le

r 
• 

tw
ee

ze
rs

• 
h

am
m

er
• 

ga
rd

en
 f

or
k

• 
p

li
er

s
• 

sc
re

w
d

ri
ve

r

2.
 

D
es

cr
ib

e 
th

re
e 

to
ol

s 
th

at
 p

eo
p

le
 s

om
et

im
es

 u
se

 t
h

at
 a

re
 n

ot
 o

n
 t

h
e 

li
st

 a
bo

ve
.

If
 t

he
 le

ar
ne

rs
 m

ay
 h

av
e 

di
ffi

cu
lt

y 
wi

th
 t

hi
s 

as
k 

th
em

 t
o 

th
in

k 
of

 a
ny

 t
oo

ls
 t

ha
t

ar
e 

no
t 

on
 t

he
 li

st
, a

s 
al

l t
oo

ls
 w

ill
 g

iv
e 

a 
m

ec
ha

ni
ca

l a
dv

an
ta

ge
 t

o 
th

e 
us

er
.

So
m

e 
ex

am
pl

es
 n

ot
 li

st
ed

 a
re

: c
ro

wb
ar

, fi
re

 t
on

gs
, c

hi
se

l, 
pa

in
t 

sc
ra

pe
r,

 c
ar

vi
ng

kn
if

e,
 h

an
d 

dr
ill

.

Th
e 

le
ar

ne
rs

 m
us

t 
co

m
pl

et
e 

th
re

e 
ta

bl
es

 d
es

cr
ib

in
g 

th
re

e 
to

ol
s.

 T
he

 m
os

t 
im

po
rt

an
t 

an
sw

er
 is

 t
o 

th
e 

qu
es

ti
on

: H
ow

 d
oe

s 
it

 g
iv

e 
a 

m
ec

ha
ni

ca
l a

dv
an

ta
ge

? 
En

su
re

 t
ha

t 
th

e 
le

ar
ne

rs
 u

nd
er

st
an

d 
th

e 
pr

in
ci

pl
e 

of
 m

ec
ha

ni
ca

l a
dv

an
ta

ge
 f

or
 

ea
ch

 t
oo

l t
he

y 
de

sc
ri

be
.

Ex
am

pl
e 

1

N
am

e 
of

 t
h

e 
to

ol
Sp

ad
e

W
h

o 
w

il
l u

se
 it

?
Ga

rd
en

er
; b

ui
ld

er
.

W
h

at
 c

an
 y

ou
 d

o 
w

it
h

 t
h

e 
to

ol
; w

h
at

 is
 

it
s 

p
u

rp
os

e?
It

 c
an

 b
e 

us
ed

 t
o 

di
g;

 it
 c

an
 li

ft
 a

nd
 

ca
rr

y 
lo

os
e 

m
at

er
ia

l s
uc

h 
as

 s
an

d 
an

d 
ce

m
en

t 
to

 a
no

th
er

 p
la

ce
. I

t 
ca

n 
be

 
us

ed
 t

o 
m

ix
 c

on
cr

et
e.

H
ow

 d
oe

s 
it

 g
iv

e 
yo

u
 a

 m
ec

h
an

ic
al

 
ad

va
n

ta
ge

?
It

 is
 a

 3
rd

 c
la

ss
 le

ve
r.
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0
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1

W
h

at
 m

at
er

ia
l i

s 
it

 m
ad

e 
of

?
St

ee
l; 

so
m

et
im

es
 s

te
el

 a
nd

 w
oo

d.

W
h

y 
is

 it
 m

ad
e 

of
 t

h
is

 m
at

er
ia

l?
Fo

r 
st

re
ng

th
 a

nd
 d

ur
ab

ili
ty

.

W
h

at
 o

th
er

 m
at

er
ia

ls
 c

ou
ld

 b
e 

u
se

d
 t

o 
m

ak
e 

th
is

 t
oo

l?
Ir

on
 a

nd
 s

tr
on

g 
pl

as
ti

c 
fo

r 
th

e 
ha

n-
dl

e.

H
ow

 m
u

ch
 d

o 
yo

u
 t

h
in

k 
yo

u
 s

h
ou

ld
 p

ay
 

fo
r 

it
?

U
nd

er
 a

 h
un

dr
ed

 r
an

d.

W
h

at
 c

an
 g

o 
w

ro
n

g 
w

h
en

 u
si

n
g 

it
? 

H
ow

 
ca

n
 it

 h
ar

m
 y

ou
?

Yo
u 

ca
n 

hi
t 

yo
ur

 f
oo

t 
wh

en
 d

ig
gi

ng
; 

yo
u 

ca
n 

dr
op

 m
at

er
ia

l.

W
h

at
 s

af
et

y 
p

re
ca

u
ti

on
s 

sh
ou

ld
 y

ou
 t

ak
e 

w
h

en
 y

ou
 u

se
 t

h
is

 t
oo

l?
W

ea
r 

st
ro

ng
 s

ho
es

 a
nd

 g
lo

ve
s;

 w
at

ch
 

wh
at

 y
ou

 a
re

 d
oi

ng
.

Ex
am

pl
e 

2

N
am

e 
of

 t
h

e 
to

ol
Eg

g 
be

at
er

W
h

o 
w

il
l u

se
 it

?
Co

ok
, b

ak
er

, a
 p

ar
en

t 
or

 le
ar

ne
r 

co
ok

in
g 

at
 h

om
e.

W
h

at
 c

an
 y

ou
 d

o 
w

it
h

 t
h

e 
to

ol
; w

h
at

 is
 

it
s 

p
u

rp
os

e?
It

 s
ti

rs
 a

nd
 m

ix
es

 f
oo

d 
qu

ic
ke

r 
th

an
 

yo
u 

ca
n 

wi
th

 a
 s

po
on

 o
r 

fo
rk

.

H
ow

 d
oe

s 
it

 g
iv

e 
yo

u
 a

 m
ec

h
an

ic
al

 
ad

va
n

ta
ge

?
It

 h
as

 b
ev

el
 g

ea
rs

.

W
h

at
 m

at
er

ia
l i

s 
it

 m
ad

e 
of

?
St

ee
l o

r 
al

um
in

iu
m

 a
nd

 p
la

st
ic

.

W
h

y 
is

 it
 m

ad
e 

of
 t

h
is

 m
at

er
ia

l?
Fo

r 
st

re
ng

th
, t

o 
be

 li
gh

tw
ei

gh
t,

 a
nd

 
to

 b
e 

ea
sy

 a
nd

 c
om

fo
rt

ab
le

 t
o 

ho
ld

.

W
h

at
 o

th
er

 m
at

er
ia

ls
 c

ou
ld

 b
e 

u
se

d
 t

o 
m

ak
e 

th
is

 t
oo

l?
Ve

ry
 s

tr
on

g 
pl

as
ti

c 
or

 h
ar

d 
ru

bb
er

 
ca

n 
be

 u
se

d.
 in

st
ea

d 
of

 m
et

al
 f

or
 t

he
 

be
at

er
s,

 b
ut

 w
on

’t 
la

st
 a

s 
lo

ng
.

H
ow

 m
u

ch
 d

o 
yo

u
 t

h
in

k 
yo

u
 s

h
ou

ld
 p

ay
 

fo
r 

it
?

Be
tw

ee
n 

R5
0 

an
d 

R1
00

 d
ep

en
di

ng
 o

n 
wh

at
 it

 is
 m

ad
e 

of
.

W
h

at
 c

an
 g

o 
w

ro
n

g 
w

h
en

 u
si

n
g 

it
? 

H
ow

 c
an

 it
 h

ar
m

 y
ou

?
It

 c
an

 s
pl

as
h 

fo
od

 o
ut

 t
he

 b
ow

l a
nd

 
m

ak
e 

a 
m

es
s.

 Y
ou

 c
an

 c
at

ch
 y

ou
r 

fin
-

ge
rs

 in
 t

he
 m

ix
in

g 
be

at
er

s.

W
h

at
 s

af
et

y 
p

re
ca

u
ti

on
s 

sh
ou

ld
 y

ou
 t

ak
e 

w
h

en
 y

ou
 u

se
 t

h
is

 t
oo

l?
H

ol
d 

it
 fi

rm
ly

; d
on

’t 
wi

nd
 t

he
 h

an
dl

e 
to

o 
fa

st
; w

at
ch

 w
ha

t 
yo

u 
ar

e 
do

in
g;

 
we

ar
 a

n 
ap

ro
n.
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9.
2 

Si
ng

le
 v

an
is

hi
ng

 p
oi

nt
 p

er
sp

ec
ti

ve
 d

ra
w

in
g

T
h

in
k 

ab
ou

t 
be

in
g 

in
 a

 c
ar

 o
r 

ta
xi

 d
ri

vi
n

g 
d

ow
n

 a
 lo

n
g,

 
st

ra
ig

h
t 

ro
ad

. W
h

en
 y

ou
 lo

ok
 s

tr
ai

gh
t 

ah
ea

d
 t

ow
ar

d
s 

th
e 

h
or

iz
on

, t
h

e 
si

d
es

 o
f 

th
e 

ro
ad

 s
ee

m
 t

o 
m

ee
t 

at
 a

 
p

oi
n

t 
fa

r 
aw

ay
, a

s 
in

 t
h

is
 p

ic
tu

re
. 

T
h

is
 is

 c
al

le
d

 t
h

e 
va

n
is

h
in

g 
p

oi
n

t.
 A

lt
h

ou
gh

 t
h

e 
ro

ad
 d

oe
sn

’t
 a

ct
u

al
ly

 g
et

 a
n

y 
n

ar
ro

w
er

, i
t 

lo
ok

s 
as

 if
 t

h
e 

st
ra

ig
h

t 
li

n
es

 m
ee

t 
at

 t
h

e 
h

or
iz

on
 a

n
d

 t
h

e 
ro

ad
 

va
n

is
h

es
, b

ec
au

se
 o

f 
yo

u
r 

p
er

sp
ec

ti
ve

.

Fi
gu

re
 7

: V
an

is
hi

ng
 p

oi
nt

 a
t t

he
 h

or
iz

on

D
ra

w
in

g 
ob

je
ct

s 
w

it
h

 a
 s

in
gl

e 
va

n
is

h
in

g 
p

oi
n

t 
is

 
on

e 
w

ay
 t

o 
m

ak
e 

th
em

 lo
ok

 a
s 

if
 t

h
ey

 h
av

e 
th

re
e 

d
im

en
si

on
s.

 I
n

 t
h

e 
d

ra
w

in
g 

on
 t

h
e 

n
ex

t 
p

ag
e,

 y
ou

 c
an

 
se

e 
a 

re
ct

an
gu

la
r 

bo
x 

in
 3

D
 s

in
gl

e 
va

n
is

h
in

g 
p

oi
n

t 
p

er
sp

ec
ti

ve
.

Le
t 

th
e 

le
ar

ne
rs

 p
ra

ct
is

e 
dr

aw
in

g 
th

e 
cu

be
, f

ol
lo

wi
ng

 s
te

ps
 1

 t
o 

4.
 T

he
ir

 c
ub

e 
sh

ou
ld

 lo
ok

 li
ke

 o
ne

 o
f 

th
e 

ex
am

pl
es

 b
el

ow
. 

Th
e 

ho
ri

zo
n 

is
 th

e 
lin

e 
w

he
re

 
it 

se
em

s 
as

 if
 th

e 
ea

rt
h’

s 
su

rf
ac

e 
m

ee
ts

 th
e 

sk
y.

Pe
rs

pe
ct

iv
e 

m
ea

ns
 a

 v
ie

w.
 

In
 T

ec
hn

ol
og

y,
 it

 re
fe

rs
 to

 
th

e 
dr

aw
in

g 
te

ch
ni

qu
e 

of
 

re
pr

es
en

tin
g 

3D
 o

bj
ec

ts
 in

  
2D

. T
hi

s 
m

ea
ns

 y
ou

 c
an

 d
ra

w
 

ob
je

ct
s 

to
 lo

ok
 re

al
 e

ve
n 

th
ou

gh
 y

ou
 a

re
 d

ra
w

in
g 

on
 a

 
fla

t s
ur

fa
ce

.

Fi
gu

re
 8

: D
ra

w
in

g 
of

 a
 c

ub
e 

in
 3

D 
si

ng
le

 v
an

is
hi

ng
 p

oi
nt

 p
er

sp
ec

tiv
e

T
h

es
e 

ar
e 

th
e 

st
ep

s 
to

 f
ol

lo
w

:
1.

  
D

ra
w

 o
n

e 
fa

ce
 o

f 
th

e 
cu

be
. S

el
ec

t 
a 

va
n

is
h

in
g 

p
oi

n
t.

2.
 

D
ra

w
 v

er
y 

fe
in

t 
li

n
es

 f
ro

m
 e

ac
h

 c
or

n
er

 o
f 

th
e 

cu
be

 f
ac

e 
to

 t
h

e 
va

n
is

h
in

g 
p

oi
n

t.
 

T
h

es
e 

ar
e 

yo
u

r 
co

n
st

ru
ct

io
n

 li
n

es
. 

3.
  

D
ra

w
 h

or
iz

on
ta

l a
n

d
 v

er
ti

ca
l l

in
es

 f
or

 t
h

e 
ba

ck
 o

f 
th

e 
cu

be
. T

h
e 

co
rn

er
s 

sh
ou

ld
 

co
n

n
ec

t 
w

it
h

 t
h

e 
co

n
st

ru
ct

io
n

 li
n

es
.

4.
 

D
ra

w
 t

h
e 

sh
ap

e 
of

 t
h

e 
cu

be
, t

h
e 

ou
tl

in
e,

 in
 d

ar
ke

r 
li

n
es

.

U
se

 s
in

gl
e 

va
n

is
h

in
g 

p
o

in
t 

p
er

p
ec

ti
ve
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1.
 

D
ra

w
 a

 s
im

p
le

 w
oo

d
en

 o
bj

ec
t 

u
si

n
g 

si
n

gl
e 

va
n

is
h

in
g 

p
oi

n
t 

p
er

sp
ec

ti
ve

. 
R

em
em

be
r 

to
 u

se
 f

ei
n

t 
li

n
es

 f
or

 t
h

e 
co

n
st

ru
ct

io
n

 f
ir

st
. W

h
en

 y
ou

 h
av

e 
fi

n
is

h
ed

, 
d

ra
w

 t
h

e 
sh

ap
e 

of
 t

h
e 

ob
je

ct
 in

 d
ar

k 
li

n
es

. 
2.

 
T

h
en

 m
ak

e 
yo

u
r 

d
ra

w
in

g 
m

or
e 

re
al

is
ti

c 
by

 s
h

ow
in

g 
th

e 
te

xt
u

re
 o

f 
th

e 
w

oo
d

 
gr

ai
n

, c
ol

ou
r 

an
d

 s
h

ad
in

g.

M
ak

e 
su

re
 t

ha
t 

th
e 

wo
od

en
 o

bj
ec

t 
th

e 
le

ar
ne

rs
 d

ra
w 

ha
s 

a 
si

ng
le

 v
an

is
hi

ng
 p

oi
nt

. 
Th

is
 c

an
 b

e 
in

 t
he

 c
en

tr
e,

 o
r 

an
gl

ed
 a

s 
in

 t
he

 d
ra

wi
ng

 b
el

ow
. M

ak
e 

su
re

 t
ha

t 
th

e 
sh

ad
in

g 
an

d 
co

lo
ur

in
g 

ha
s 

be
en

 a
dd

ed
.

Fi
gu

re
 9

: A
dd

in
g 

w
oo

d 
gr

ai
n 

m
ak

es
 th

in
gs

 lo
ok

 re
al

is
tic

.
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9.
3 

D
ra

w
 y

ou
r 

cl
as

sr
oo

m

Y
ou

 a
re

 s
it

ti
n

g 
in

 y
ou

r 
cl

as
sr

oo
m

. L
oo

k 
at

 t
h

e 
w

al
ls

 o
n

 e
ac

h
 s

id
e 

of
 y

ou
, a

t 
th

e 
fl

oo
r 

an
d

 a
t 

th
e 

ce
il

in
g.

 L
oo

k 
at

 h
ow

 a
ll

 t
h

e 
st

ra
ig

h
t 

li
n

es
 o

f 
th

e 
ro

om
 s

ee
m

 t
o 

an
gl
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8W
ee

k 
2

Le
ar

ne
rs

 w
or

k 
in

 te
am

s 
of

 th
re

e 
or

 fo
ur

. 

Ev
er

y 
te

am
 m

em
be

r 
m

ak
es

 d
es

ig
n 

sk
et

ch
es

 o
f a

ll 
th

e 
di

ffe
re

nt
 p

ar
ts

 o
f t

he
 m

od
el

. T
he

y 
di

sc
us

s 
th

ei
r 

de
si

gn
s 

w
ith

 o
ne

 a
no

th
er

 a
s 

th
ey

 d
o 

th
is

.

Th
e 

te
am

 h
as

 a
 m

ee
tin

g 
to

 d
ec

id
e 

w
ho

 w
ill 

bu
ild

 w
ha

t p
ar

t o
f t

he
 tr

uc
k.

 E
ac

h 
te

am
 m

em
be

r 
w

ill 
bu

ild
 o

nl
y 

on
e 

pa
rt

 o
f t

he
 tr

uc
k.

Le
ar

ne
rs

 w
or

k 
in

di
vi

du
al

ly
 to

 p
la

n 
ho

w
 to

 m
ak

e 
th

e 
pa

rt
 th

at
 th

ey
 d

ec
id

ed
 to

 m
ak

e.
 T

he
n 

th
ey

 m
ak

e 
th

os
e 

pa
rt

s,
 a

nd
 d

ra
w

 a
dd

iti
on

al
 s

ke
tc

he
s 

if 
re

qu
ire

d.
 T

he
 te

am
 m

em
be

rs
 k

ee
p 

co
m

m
un

ic
at

in
g 

ab
ou

t t
he

 d
iff

er
en

t p
ar

ts
 o

f t
he

 m
od

el
 th

ey
 a

re
 b

ui
ld

in
g,

 to
 m

ak
e 

su
re

 th
at

 th
e 

di
ffe

re
nt

 p
ar

ts
 w

ill 
fit

 to
ge

th
er

 la
te

r 
on

.

W
ee

k 
3

Le
ar

ne
rs

 w
or

k 
to

ge
th

er
 a

s 
a 

te
am

 to
 p

ut
 a

ll 
th

e 
di

ffe
re

nt
 p

ar
ts

 o
f t

he
 m

od
el

 ti
p 

tru
ck

 to
ge

th
er

. 
Th

en
 th

ey
 p

re
pa

re
 to

 p
re

se
nt

 th
ei

r 
pr

oj
ec

ts
. T

he
y 

dr
aw

 a
rt

is
tic

 3
D 

dr
aw

in
gs

 o
f t

he
ir 

m
od

el
s 

fro
m

 
tw

o 
di

ffe
re

nt
 d

ire
ct

io
ns

, a
s 

w
el

l a
s 

an
 o

rt
ho

gr
ap

hi
c 

fir
st

 a
ng

le
 p

ro
je

ct
io

n 
dr

aw
in

g.
 E

ac
h 

m
em

be
r 

m
ak

es
 o

nl
y 

on
e 

of
 th

es
e 

dr
aw

in
gs

.

Th
e 

te
am

 u
se

s 
a 

ch
ec

kl
is

t o
f q

ue
st

io
ns

 to
 e

va
lu

at
e 

th
ei

r 
m

od
el

 to
ge

th
er

.

 F
ig

ur
e 

1

LB
 p

ag
es

 1
24

–1
25

W
ee

k
 1

W
ha

t 
is

 t
he

 p
ro

bl
em

? 
 

(3
0 

m
in

ut
es

)

M
ar

ia
 h

as
 f

in
is

h
ed

 s
ch

oo
l a

n
d

 w
an

ts
 t

o 
le

ar
n

 a
bo

u
t 

th
e 

co
n

st
ru

ct
io

n
 in

d
u

st
ry

. 
Ev

en
tu

al
ly

, s
h

e 
w

an
ts

 t
o 

ow
n

 h
er

 o
w

n
 c

on
st

ru
ct

io
n

 c
om

p
an

y.

In
di

vi
du

al
 w

or
k

1.
 

W
h

o 
ca

n
 h

el
p

 M
ar

ia
 t

o 
ge

t 
st

ar
te

d
? 

In
 o

th
er

 w
or

d
s,

 w
h

at
 t

yp
e 

of
 p

eo
p

le
 s

h
ou

ld
 

sh
e 

m
ee

t 
to

 h
el

p
 h

er
 w

it
h

 h
er

 p
la

n
s?

 

O
th

er
 p

eo
pl

e 
wh

o 
ha

ve
 d

on
e 

m
an

y 
ye

ar
s 

of
 c

on
st

ru
ct

io
n 

wo
rk

; c
om

pa
ni

es
 o

r

or
ga

ni
sa

ti
on

s 
th

at
 f

un
d 

sm
al

l b
us

in
es

se
s 

wi
th

 s
ta

rt
-u

p 
m

on
ey

2.
 

W
h

ic
h

 a
bi

li
ti

es
 a

n
d

 s
ki

ll
s 

w
ou

ld
 M

ar
ia

 n
ee

d
 t

o 
d

es
ig

n
 a

n
d

 b
u

il
d

 h
ou

se
s?

 

Kn
ow

le
dg

e 
of

 c
on

st
ru

ct
io

n 
m

et
ho

ds
 a

nd
 d

ra
in

ag
e.

Kn
ow

le
dg

e 
an

d 
sk

ill
s 

wi
th

 c
on

st
ru

ct
io

n 
m

ac
hi

ne
ry

.

Kn
ow

le
dg

e 
of

 s
af

et
y 

du
ri

ng
 c

on
st

ru
ct

io
n.

Sk
ill

s 
in

 m
ot

iv
at

in
g 

an
d 

ne
go

ti
at

in
g 

wi
th

 p
eo

pl
e.

Fi
na

nc
ia

l s
ki

lls
 s

uc
h 

as
 w

ri
ti

ng
 p

ro
po

sa
ls

 a
nd

 k
ee

pi
ng

 g
oo

d 
fin

an
ci

al
 r

ec
or

ds
.

3.
 

W
h

at
 k

in
d

s 
of

 e
q

u
ip

m
en

t 
w

il
l h

er
 c

om
p

an
y 

n
ee

d
 t

o 
bu

il
d

 h
ou

se
s?

 

M
ea

su
ri

ng
 t

oo
ls

, s
uc

h 
as

 t
ap

e 
m

ea
su

re
s 

an
d 

sp
ir

it
/b

ub
bl

e 
le

ve
ls

.

M
ec

ha
ni

ca
l e

qu
ip

m
en

t,
 s

uc
h 

as
 c

em
en

t 
m

ix
er

s,
 t

ru
ck

s,
 h

yd
ra

ul
ic

 li
ft

s;

cr
an

es
 a

nd
 p

ul
le

ys
.

H
an

d 
to

ol
s,

 s
uc

h 
as

 s
pa

de
s,

 s
aw

s,
 h

am
m

er
s 

an
d 

tr
ow

el
s.

Sc
af

fo
ld

in
g 

an
d 

ot
he

r 
st

ru
ct

ur
es

 f
or

 t
em

po
ra

ry
 s

up
po

rt
.
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1

M
ac

h
in

es
 t

h
at

 c
on

st
ru

ct
io

n
 c

om
p

an
ie

s 
u

se
T

h
e 

m
ac

h
in

e 
in

 t
h

e 
p

h
ot

o 
be

lo
w

 is
 c

al
le

d
 a

 m
in

i-
lo

ad
er

, a
n

d
 b

u
il

d
er

s 
u

se
 it

 t
o 

m
ov

e 
m

at
er

ia
ls

 a
ro

u
n

d
 a

 b
u

il
d

in
g 

si
te

. 

Fi
gu

re
 2

It
 h

as
 a

 s
co

op
 in

 t
h

e 
fr

on
t,

 w
h

ic
h

 t
h

e 
d

ri
ve

r 
p

u
sh

es
 in

to
 a

 p
il

e 
of

 s
an

d
. T

h
en

 t
h

e 
ar

m
s 

of
 t

h
e 

lo
ad

er
 li

ft
 t

h
e 

lo
ad

 o
f 

sa
n

d
 in

to
 t

h
e 

ai
r.

  
It

 u
se

s 
d

ie
se

l f
u

el
 in

 t
h

e 
en

gi
n

e 
as

 it
s 

so
u

rc
e 

of
 e

n
er

gy
. T

h
e 

en
gi

n
e 

tu
rn

s 
a 

p
ow

er
fu

l p
u

m
p

 t
h

at
 p

u
m

p
s 

h
yd

ra
u

li
c 

oi
l t

h
ro

u
gh

 h
os

es
 a

n
d

 p
is

to
n

s.
 

H
ow

 d
oe

s 
th

is
 m

in
i-

lo
ad

er
 li

ft
 it

s 
ar

m
s?

 I
n

 o
th

er
 w

or
d

s,
 fi

n
d

 t
h

e 
p

ar
ts

 o
f 

th
is

 
sy

st
em

 t
h

at
 m

ak
e 

th
e 

ar
m

s 
go

 u
p

. W
h

at
 a

re
 t

h
e 

n
am

es
 o

f 
th

es
e 

p
ar

ts
? 

A
 h

yd
ra

ul
ic

 p
um

p 
pr

ov
id

es
 o

il 
at

 h
ig

h 
pr

es
su

re
.

Th
e 

hi
gh

 p
re

ss
ur

e 
oi

l p
us

he
s 

th
e 

pi
st

on
 o

ut
 o

f 
th

e 
hy

dr
au

lic
 c

yl
in

de
r.

Th
e 

pi
st

on
 is

 c
on

ne
ct

ed
 t

o 
th

e 
ar

m
 o

f 
th

e 
m

in
i-l

oa
de

r.
 T

hi
s 

fo
rm

s 
a 

le
ve

r 
sy

st
em

.

M
ar

ia
 is

 g
oi

n
g 

to
 n

ee
d

 a
 b

ig
 t

ip
 t

ru
ck

 t
o 

d
el

iv
er

 s
an

d
 t

o 
d

if
fe

re
n

t 
bu

il
d

in
g 

si
te

s.
 T

h
e 

lo
ad

 m
u

st
 n

ot
 f

al
l o

ff
 w

h
en

 t
h

e 
lo

ad
 b

ac
k 

is
 h

or
iz

on
ta

l. 
A

 b
ig

 t
ru

ck
 li

ke
 t

h
at

 c
an

 b
e 

d
an

ge
ro

u
s 

if
 it

 c
ra

sh
es

 in
to

 c
ar

s,
 it

 c
an

 f
la

tt
en

 t
h

em
! A

ls
o,

 t
h

e 
lo

ad
s 

of
 r

oc
k,

 g
ra

ve
l 

or
 s

an
d

 t
h

at
 t

ip
 t

ru
ck

s 
ca

rr
y 

ar
e 

u
su

al
ly

 v
er

y 
h

ea
vy

, a
n

d
 w

h
en

 t
h

e 
lo

ad
 b

ed
 is

 
li

ft
ed

, i
t 

ca
n

 s
ta

rt
 p

ou
ri

n
g 

ou
t 

ve
ry

 q
u

ic
kl

y.
 T

h
is

 lo
ad

 c
an

 in
ju

re
 a

 p
er

so
n

 s
ta

n
d

in
g 

to
o 

cl
os

e 
to

 it
.

Pe
op

le
 s

h
ou

ld
 b

e 
tr

ai
n

ed
 t

o 
w

or
k 

sa
fe

ly
 a

ro
u

n
d

 t
ip

 t
ru

ck
s.

 A
 t

ip
 t

ru
ck

 n
ee

d
s 

to
 

h
av

e 
w

ar
n

in
g 

li
gh

ts
 a

n
d

 b
ee

p
er

s 
so

 t
h

at
 e

ve
ry

on
e 

w
il

l k
n

ow
 w

h
en

 t
h

e 
lo

ad
 b

ed
 is

 
be

in
g 

li
ft

ed
.  

M
ar

ia
 n

ee
d

s 
a 

m
od

el
 o

f 
a 

ti
p

 t
ru

ck
 t

o 
tr

ai
n

 h
er

 s
ta

ff
 o

n
 h

ow
 t

o 
be

 s
af

e 
w

h
en

 t
h

ey
 

w
or

k 
ar

ou
n

d
 t

h
e 

tr
u

ck
.

D
es

ig
n 

br
ie

f 
w

it
h 

sp
ec

if
ic

at
io

ns
 a

nd
 c

on
st

ra
in

ts

1.
 

R
ea

d
 t

h
e 

p
re

vi
ou

s 
p

ag
e 

ca
re

fu
ll

y.
 W

ri
te

 t
h

e 
d

es
ig

n
 b

ri
ef

 b
y 

co
p

yi
n

g 
th

is
 

se
n

te
n

ce
 a

n
d

 c
om

p
le

ti
n

g 
it

: 
I 

am
 g

oi
ng

 t
o 

he
lp

 m
y 

gr
ou

p 
de

si
gn

 a
nd

 m
ak

e 
a 

m
od

el
 o

f 
a 

ti
p 

tr
uc

k 
th

at
 w

ill
 

he
lp

 M
ar

ia
 t

o 
tr

ai
n 

he
r 

tr
uc

k 
dr

iv
er

 a
nd

 o
th

er
 s

ta
ff

 o
n 

sa
fe

ty
 p

ro
ce

du
re

s.
  

[1
]

 
Lo

ok
 a

t 
th

e 
p

h
ot

o 
of

 a
 t

ip
 t

ru
ck

 o
n

 t
h

e 
n

ex
t 

p
ag

e.
 T

h
e 

d
oo

r 
at

 t
h

e 
ba

ck
 o

p
en

s 
by

 
it

se
lf

 w
h

en
 t

h
e 

lo
ad

 b
ed

 li
ft

s 
u

p
. I

t 
h

as
 n

o 
bo

lt
s 

or
 lo

ck
s 

to
 o

p
en

 a
n

d
 c

lo
se

 it
.

2.
 

W
ri

te
 d

ow
n

 t
h

e 
sp

ec
if

ic
at

io
n

s.
 

[2
]

Th
e 

m
od

el
 t

ip
 t

ru
ck

 m
us

t:

• 
ha

ve
 f

ou
r 

st
ro

ng
 w

he
el

s 
an

d 
a 

ca
b 

fo
r 

th
e 

dr
iv

er
,

• 
a 

lo
ad

 b
ed

 t
ha

t 
ca

n 
lif

t 
up

 a
t 

30
° 

or
 m

or
e 

th
an

 3
0°

,

• 
a 

lo
ad

 b
ed

 t
ha

t 
ca

n 
ca

rr
y 

a 
ta

bl
e 

sp
oo

n 
of

 s
an

d 
or

 g
ra

ve
l (

st
on

es
),

• 
a 

lo
ad

 b
ed

 t
ha

t 
ha

s 
a 

do
or

 a
t 

th
e 

ba
ck

 t
ha

t 
ca

n 
op

en
 o

n 
it

s 
ow

n 
to

 le
t

 
sa

nd
 o

r 
gr

av
el

 f
al

l o
ut

,

• 
us

e 
a 

hy
dr

au
lic

 s
ys

te
m

 t
o 

ra
is

e 
th

e 
lo

ad
 b

ed
, a

nd

• 
ha

ve
 a

 b
ee

pe
r 

th
at

 s
ou

nd
s 

an
d 

a 
re

d 
LE

D
 li

gh
t 

th
at

 g
oe

s 
on

 w
he

n

 
th

e 
lo

ad
 b

ed
 g

oe
s.

3.
 

W
ri

te
 d

ow
n

 t
h

e 
co

n
st

ra
in

ts
. R

em
em

be
r 

th
at

 t
h

e 
co

n
st

ra
in

ts
 a

re
 t

h
e 

to
ol

s,
 

m
at

er
ia

ls
 a

n
d

 t
im

e 
th

at
 y

ou
 h

av
e 

av
ai

la
bl

e 
to

 m
ak

e 
th

e 
m

od
el

. 
[2

]

I 
ha

ve
 t

wo
 w

ee
ks

 t
o 

de
si

gn
 a

nd
 b

ui
ld

 t
he

 m
od

el
 o

f 
th

e 
ti

p 
tr

uc
k.

I 
wi

ll 
us

e 
ca

rd
bo

ar
d 

an
d 

ot
he

r 
re

us
ab

le
 w

as
te

 m
at

er
ia

ls
. B

ut
 I

 w
ill

 a
ls

o 
ne

ed

ta
pe

 o
r 

gl
ue

, a
nd

 w
ir

e 
to

 m
ak

e 
pi

vo
ts

 a
nd

 a
xl

es
 f

or
 t

he
 w

he
el

s.

I 
wi

ll 
no

t 
us

e 
an

y 
sp

ec
ia

l t
oo

ls
 o

th
er

 t
ha

n 
sc

is
so

rs
. (

So
m

e 
st

ud
en

ts
 o

r 
sc

ho
ol

s

m
ay

 h
av

e 
cu

tt
in

g 
kn

iv
es

 a
nd

 p
lie

rs
 a

va
ila

bl
e.

 I
n 

th
at

 c
as

e,
 le

ar
ne

rs
 c

an
 u

se
 t

ho
se

to
ol

s 
as

 w
el

l, 
af

te
r 

th
e 

te
ac

he
r 

ad
vi

se
d 

th
em

 a
bo

ut
 h

ow
 t

o 
wo

rk
 s

af
et

y 
wi

th

th
os

e 
to

ol
s.

)
4.

 
Fo

rm
 t

ea
m

s 
of

 f
ou

r 
an

d
 c

om
p

ar
e 

yo
u

r 
sp

ec
if

ic
at

io
n

s.
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3

H
ow

 t
o 

m
ak

e 
di

ff
er

en
t 

pa
rt

s 
of

 a
 t

ip
 t

ru
ck

 
 

(3
 ×

 3
0 

m
in

ut
es

 =
 9

0 
m

in
ut

es
)

D
u

ri
n

g 
th

is
 le

ss
on

 a
n

d
 t

h
e 

n
ex

t 
on

e,
 y

ou
 w

il
l p

ra
ct

is
e 

m
ak

in
g 

d
if

fe
re

n
t 

p
ar

ts
 o

f 
a 

m
od

el
 t

ip
 t

ru
ck

. 

Lo
ok

 a
t 

th
e 

p
h

ot
og

ra
p

h
 o

f 
a 

ti
p

 t
ru

ck
 b

el
ow

.

Fi
gu

re
 3

H
ow

 t
o 

at
ta

ch
 t

he
 lo

ad
 b

ed
 t

o 
th

e 
bo

dy
 o

f 
th

e 
tr

uc
k 

Sa
n

d
 is

 lo
ad

ed
 in

 t
h

e 
lo

ad
 b

ed
 o

f 
th

e 
tr

u
ck

. T
h

e 
lo

ad
 b

ed
 a

n
d

 t
h

e 
bo

d
y 

of
 t

h
e 

tr
u

ck
 s

h
ou

ld
 b

e 
jo

in
ed

 in
 s

u
ch

 a
 w

ay
 t

h
at

 t
h

e 
lo

ad
 b

ed
 c

an
 li

ft
, a

s 
in

 t
h

e 
p

h
ot

o 
ab

ov
e.

 
Y

ou
 c

an
 m

ak
e 

th
is

 o
u

t 
of

 t
w

o 
bo

xe
s.

 T
h

e 
d

ra
w

in
gs

 o
n

 t
h

e 
ri

gh
t 

sh
ow

 d
if

fe
re

n
t 

w
ay

s 
in

 
w

h
ic

h
 t

h
is

 c
an

 b
e 

d
on

e.
 

Jo
in

 t
h

e 
to

p
 b

ox
 t

o 
th

e 
bo

tt
om

 b
ox

 w
it

h
 t

w
o 

h
in

ge
s,

 s
o 

th
at

 t
h

e 
bo

x 
ca

n
 li

ft
 a

t 
on

e 
en

d
. D

oo
rs

 
an

d
 w

in
d

ow
s 

h
av

e 
h

in
ge

s 
to

 a
ll

ow
 t

h
em

 t
o 

op
en

 
an

d
 c

lo
se

.
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A B

H
ow

 t
o 

us
e 

a 
hy

dr
au

lic
 s

ys
te

m
 t

o 
ti

lt
 u

p 
th

e 
lo

ad
 b

ed

W
h

en
 a

 t
ip

 t
ru

ck
 u

n
lo

ad
s,

 t
h

e 
on

e 
si

d
e 

of
 t

h
e 

lo
ad

 b
ed

 li
ft

s 
u

p
, 

bu
t 

th
e 

ot
h

er
 s

id
e 

of
 t

h
e 

lo
ad

 
be

d
 r

em
ai

n
s 

at
 t

h
e 

sa
m

e 
h

ei
gh

t.
 

A
n

ot
h

er
 w

ay
 t

o 
sa

y 
th

is
 is

 t
h

at
 

th
e 

lo
ad

 b
ed

 t
il

ts
 u

p
 a

t 
an

 a
n

gl
e.

 
T

h
e 

d
ra

w
in

g 
on

 t
h

e 
ri

gh
ts

 s
h

ow
s 

yo
u

 h
ow

 t
o 

m
ak

e 
so

m
et

h
in

g 
ti

lt
 

u
p

w
ar

d
s 

by
 u

si
n

g 
a 

h
yd

ra
u

li
c 

sy
st

em
.

• 
Y

ou
 n

ee
d

 a
 s

tr
on

g 
bo

x 
an

d
 a

 p
ie

ce
 o

f 
st

if
f 

ca
rd

bo
ar

d
 

as
 y

ou
 s

ee
 in

 t
h

e 
p

ic
tu

re
 a

bo
ve

. U
se

 s
tr

on
g 

ta
p

e 
to

 
jo

in
 t

h
e 

fl
at

 p
ie

ce
 o

f 
ca

rd
bo

ar
d

 t
o 

th
e 

bo
x.

 M
ak

e 
th

e 
sm

al
l h

ol
e 

yo
u

 s
ee

 in
 t

h
e 

bo
tt

om
 o

f 
th

e 
w

al
l o

f 
th

e 
bo

x.
 Y

ou
 n

ee
d

 t
w

o 
sy

ri
n

ge
s 

an
d

 s
om

e 
p

la
st

ic
 t

u
bi

n
g,

 
li

ke
 y

ou
 u

se
d

 in
 C

h
ap

te
r 

5.
 T

h
e 

sy
ri

n
ge

 w
h

er
e 

th
e 

in
p

u
t 

fo
rc

e 
is

 a
p

p
li

ed
 w

il
l b

e 
ca

ll
ed

 t
h

e 
d

ri
ve

r 
p

is
to

n
. 

T
h

e 
sy

ri
n

ge
 w

h
er

e 
th

e 
ou

tp
u

t 
fo

rc
e 

w
il

l b
e 

ob
ta

in
ed

 
w

il
l b

e 
ca

ll
ed

 t
h

e 
d

ri
ve

n
 p

is
to

n
. 

• 
N

ow
, f

il
l t

h
e 

d
ri

ve
r 

sy
ri

n
ge

 a
n

d
 t

h
e 

tu
be

 w
it

h
 w

at
er

. 
M

ov
e 

th
e 

d
ri

ve
n

 p
is

to
n

 t
o 

th
e 

“d
ow

n
” 

p
os

it
io

n
. P

u
sh

 
th

e 
en

d
 o

f 
th

e 
tu

be
 t

h
ro

u
gh

 t
h

e 
ba

ck
 o

f 
th

e 
bo

x 
an

d
 

p
u

sh
 it

 o
n

to
 t

h
e 

d
ri

ve
n

 p
is

to
n

. 
• 

T
h

e 
tu

be
 m

u
st

 g
o 

th
ro

u
gh

 t
h

e 
h

ol
e 

in
 t

h
e 

ba
ck

 o
f 

th
e 

bo
x,

 b
u

t 
th

e 
d

ri
ve

n
 s

yr
in

ge
 m

u
st

 b
e 

lo
os

e,
 s

o 
th

at
 it

 c
an

 p
oi

n
t 

u
p

 o
r 

d
ow

n
. 

• 
Lo

ok
 a

t 
Fi

gu
re

 6
. P

u
t 

a 
p

ie
ce

 o
f 

Pr
es

ti
k 

u
n

d
er

 t
h

e 
ca

rd
bo

ar
d

 s
h

ee
t 

so
 t

h
at

 t
h

e 
sl

av
e 

p
is

to
n

 c
an

 p
u

sh
 

ag
ai

n
st

 it
. 
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Ta
ke

 c
ar

e
Th

e 
ca

rd
bo

ar
d 

m
us

t n
ot

 g
et

 
w

et
, o

th
er

w
is

e 
it 

w
ill 

be
co

m
e 

so
ft 

an
d 

w
ea

k.
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• 
Pr

es
s 

th
e 

d
ri

ve
r 

p
is

to
n

 s
o 

th
at

 t
h

e 
fl

at
  

h
ea

d
 o

f 
th

e 
sl

av
e 

p
is

to
n

 p
u

sh
es

 o
u

t 
 

an
d

 s
w

in
gs

 t
h

e 
ca

rd
bo

ar
d

 s
h

ee
t 

u
p

.  
D

oe
s 

th
e 

ca
rd

bo
ar

d
 s

h
ee

t 
li

ft
 u

p
 f

ar
  

en
ou

gh
? 

• 
A

d
d

 m
or

e 
p

ie
ce

s 
of

 P
re

st
ik

 a
n

d
 f

in
d

  
th

e 
be

st
 p

os
it

io
n

 t
o 

fi
t 

th
e 

fl
at

 h
ea

d
 o

f 
 

th
e 

sl
av

e 
p

is
to

n
. T

h
e 

ca
rd

bo
ar

d
 s

h
ou

ld
  

ti
lt

 u
p

 t
o 

an
 a

n
gl

e 
of

 m
or

e 
th

an
 3

0°
.  

 
• 

Fi
n

d
 t

h
e 

be
st

 p
os

it
io

n
 f

or
 t

h
e 

Pr
es

ti
k 

 
an

d
 m

ea
su

re
 t

h
e 

d
is

ta
n

ce
 f

ro
m

 t
h

e 
 

h
in

ge
, s

o 
th

at
 y

ou
 c

an
 r

em
em

be
r 

it
.

A
re

 y
ou

 g
et

ti
n

g 
a 

m
ec

h
an

ic
al

 a
dv

an
ta

ge
?

Y
ou

r 
h

yd
ra

u
li

c 
sy

st
em

 h
as

 t
o 

gi
ve

 y
ou

 a
 m

ec
h

an
ic

al
 a

d
va

n
ta

ge
. I

n
 o

th
er

 w
or

d
s,

 t
h

e 
ou

tp
u

t 
fo

rc
e 

h
as

 t
o 

be
 g

re
at

er
 t

h
an

 t
h

e 
in

p
u

t 
fo

rc
e.

  

1.
 

Sh
ou

ld
 t

h
e 

d
ri

ve
n

 p
is

to
n

 u
n

d
er

 t
h

e 
lo

ad
 b

ed
 b

e 
w

id
er

 t
h

an
 t

h
e 

d
ri

ve
r 

p
is

to
n

, 
th

e 
sa

m
e 

si
ze

, o
r 

n
ar

ro
w

er
? 

G
iv

e 
a 

re
as

on
 f

or
 y

ou
r 

an
sw

er
.

Th
e 

dr
iv

en
 p

is
to

n 
un

de
r 

th
e 

lo
ad

 b
ed

 s
ho

ul
d 

be
 w

id
er

 t
ha

n 
th

e 
dr

iv
er

 p
is

to
n 

(in
 o

th
er

 w
or

ds
, i

t 
m

us
t 

ha
ve

 a
 b

ig
ge

r 
ar

ea
 t

ha
n 

th
e 

dr
iv

er
 p

is
to

n)
. T

he
 r

ea
so

n
is

 t
ha

t 
th

e 
dr

iv
en

 p
is

to
n 

un
de

r 
th

e 
lo

ad
 b

ed
 m

us
t 

ex
er

t 
a 

bi
gg

er
 f

or
ce

 t
ha

n
yo

u 
ex

er
t 

on
 t

he
 d

ri
ve

r 
pi

st
on

. T
he

 d
ri

ve
n 

pi
st

on
 h

as
 t

o 
lif

t 
a 

he
av

y 
lo

ad
. (

Th
e

te
ac

he
r 

sh
ou

ld
 p

oi
nt

 o
ut

 t
o 

le
ar

ne
rs

 t
ha

t 
th

e 
pi

st
on

s 
in

 F
ig

ur
e 

6 
ha

ve
 r

ou
gh

ly
th

e 
sa

m
e 

di
am

et
er

, s
o 

th
ey

 w
ill

 h
av

e 
to

 c
ha

ng
e 

th
em

 to
 g

et
 a

 m
ec

ha
ni

ca
l a

dv
an

ta
ge

.)

 
N

ow
 a

d
ju

st
 y

ou
r 

sy
st

em
 s

o 
th

at
 t

h
e 

d
ri

ve
r 

p
is

to
n

 
m

ov
es

 t
h

e 
d

ri
ve

n
 p

is
to

n
. M

ak
e 

su
re

 t
h

at
 t

h
e 

d
ri

ve
n

 
p

is
to

n
 d

oe
s 

n
ot

 p
op

 o
u

t 
of

 it
s 

cy
li

n
d

er
. 

2.
 

T
h

e 
ba

ck
 o

f t
h

e 
bo

x 
h

as
 to

 b
e 

st
ro

n
g 

an
d 

st
if

f. 
W

h
y?

Th
e 

ba
ck

 o
f 

th
e 

bo
x 

m
us

t 
be

 s
tr

on
g 

be
ca

us
e 

th
e 

dr
iv

en
 p

is
to

n 
pu

sh
es

 b
ac

kw
ar

d 
ju

st

as
 s

tr
on

gl
y 

as
 it

 p
us

he
s 

fo
rw

ar
d 

to
 li

ft
 t

he
 lo

ad
.

3.
 

C
op

y 
an

d
 c

om
p

le
te

 t
h

e 
d

ra
w

in
g 

on
 t

h
e 

ri
gh

t.
 

T
h

e 
gr

ee
n

 li
n

es
 s

h
ow

 y
ou

 w
h

er
e 

th
e 

d
ri

ve
n

 
p

is
to

n
 is

 w
h

en
 t

h
e 

ca
rd

bo
ar

d
 is

 d
ow

n
. N

ow
 

d
ra

w
 t

h
e 

p
is

to
n

 a
ga

in
 in

 p
en

ci
l, 

on
 t

h
is

 
sa

m
e 

d
ra

w
in

g.
 S

h
ow

 it
s 

p
os

it
io

n
 w

h
en

 it
 h

as
 

p
u

sh
ed

 t
h

e 
ca

rd
bo

ar
d

 u
p

.
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M
ak

e 
su

re
 th

e 
ca

rd
bo

ar
d 

at
 

th
e 

ba
ck

 o
f t

he
 b

ox
 d

oe
s 

no
t 

ge
t w

et
.
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H
ow

 t
o 

pu
t 

a 
do

or
 o

n 
th

e 
lo

ad
 b

ed
 s

o 
th

at
 it

 s
w

in
gs

 o
pe

n 
by

 it
se

lf
 w

he
n 

th
e 

lo
ad

 b
ed

 t
ilt

s 
up

C
h

oo
se

 a
 b

ox
 to

 r
ep

re
se

n
t 

th
e 

lo
ad

 b
ed

. W
h

en
 t

h
e 

lo
ad

 b
ed

 t
ilt

s 
u

p
 a

t 
30

°,
 t

h
e 

sa
n

d
 

sh
ou

ld
 f

al
l o

u
t. 

B
u

t 
w

h
en

 t
h

e 
tr

u
ck

 is
 o

n
 t

h
e 

ro
ad

, t
h

e 
d

oo
r 

h
as

 t
o 

ke
ep

 t
h

e 
sa

n
d

 in
. 

T
h

e 
d

oo
r 

d
oe

s 
n

ot
 h

av
e 

an
y 

h
an

d
le

s 
or

 lo
ck

s 
to

 k
ee

p
 it

 s
h

u
t, 

it
 s

h
ou

ld
 s

ta
y 

sh
u

t b
y 

it
se

lf
.

T
h

in
k 

h
ow

 y
ou

 c
an

 m
ak

e 
a 

d
oo

r 
li

ke
 t

h
is

 f
or

 t
h

e 
tr

u
ck

. L
oo

k 
ca

re
fu

ll
y 

at
 F

ig
u

re
 3

 
ag

ai
n

 t
o 

h
el

p
 y

ou
. T

h
e 

fo
ll

ow
in

g 
q

u
es

ti
on

s 
ab

ou
t 

Fi
gu

re
 3

 w
il

l a
ls

o 
h

el
p

 y
ou

.

1.
 

Lo
ok

 a
t 

th
e 

p
os

it
io

n
 o

f 
th

e 
h

in
ge

 a
ro

u
n

d
 w

h
ic

h
 t

h
e 

d
oo

r 
sw

in
gs

. W
h

y 
is

 t
h

e 
h

in
ge

 
p

la
ce

d
 t

h
er

e?
 W

h
y 

d
oe

s 
th

e 
d

oo
r 

h
av

e 
ar

m
s 

th
at

 g
o 

to
 t

h
e 

fr
on

t 
of

 t
h

e 
h

in
ge

? 

Th
e 

hi
ng

es
 a

re
 f

ar
 f

or
wa

rd
 f

ro
m

 t
he

 d
oo

r 
so

 t
ha

t 
it

 w
ill

 b
e 

ve
ry

 d
if

fic
ul

t 
or

ev
en

 im
po

ss
ib

le
 f

or
 t

he
 s

an
d 

in
 t

he
 lo

ad
 b

ed
 t

o 
pu

sh
 t

he
 d

oo
r 

op
en

 w
he

n 
th

e
lo

ad
 b

ed
 is

 h
or

iz
on

ta
l.

[3
]

2.
 

Lo
ok

 a
t 

th
e 

ch
ai

n
s 

go
in

g 
d

ow
n

 f
ro

m
 t

h
e 

ar
m

s 
of

 t
h

e 
d

oo
r 

to
 t

h
e 

tr
u

ck
 b

od
y.

 
W

h
at

 is
 t

h
e 

p
u

rp
os

e 
of

 t
h

es
e 

ch
ai

n
s?

W
he

n 
th

e 
lo

ad
 b

ed
 li

ft
s 

up
, t

he
 b

ac
k 

of
 t

he
 lo

ad
 b

ed
 g

oe
s 

do
wn

 a
 li

tt
le

. B
ut

 t
he

do
or

 d
oe

s 
no

t 
go

 d
ow

n 
wi

th
 it

, b
ec

au
se

 t
he

 c
ha

in
s 

ho
ld

 t
he

 f
ro

nt
 p

ar
t 

of
 e

ac
h

le
ve

r 
do

wn
 w

hi
le

 t
he

 lo
ad

-b
ed

 li
ft

s 
up

. B
ec

au
se

 t
he

 f
ro

nt
 p

ar
ts

 o
f 

th
e 

le
ve

rs
 a

re
he

ld
 d

ow
n 

by
 t

he
 c

ha
in

s,
 t

he
 b

ac
k 

pa
rt

s 
of

 t
he

 le
ve

rs
 r

em
ai

n 
wh

er
e 

th
ey

 a
re

, s
o

th
at

 t
he

 d
oo

r 
do

es
 n

ot
 m

ov
e.

 T
he

 fl
oo

r 
at

 t
he

 b
ac

k 
of

 t
he

 lo
ad

 b
ed

 is
 n

ow
 lo

we
r

th
an

 t
he

 d
oo

r,
 s

o 
th

e 
sa

nd
 c

an
 p

ou
r 

ou
t.

[3
]

3.
 

M
ak

e 
a 

d
ra

w
in

g 
of

 w
h

at
 t

h
e 

lo
ad

 b
ed

 a
n

d
 t

h
e 

d
oo

r 
w

il
l l

oo
k 

li
ke

 w
h

en
 t

h
e 

lo
ad

 
be

d
 is

 f
la

t.
 I

n
 o

th
er

 w
or

d
s,

 w
h

at
 d

oe
s 

th
e 

lo
ad

 b
ed

 lo
ok

 li
ke

 w
h

en
 t

h
e 

tr
u

ck
 is

 
tr

av
el

li
n

g 
an

d
 t

h
e 

lo
ad

 b
ed

 is
 n

ot
 t

il
te

d
 u

p
?

pi
vo

t

do
or

pi
vo

t

ch
ai

n 
fix

ed
 h

er
e
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Lo

ok
 a

t 
th

e 
p

ic
tu

re
 o

f
 

a 
ti

p
 t

ru
ck

 in
 F

ig
u

re
 8

. P
ay

 s
p

ec
ia

l
 

at
te

n
ti

on
 t

o 
th

e 
d

oo
r 

at
 t

h
e

 
ba

ck
 o

f 
th

e 
lo

ad
 b

ed
. 

4.
 

W
il

l t
h

e 
d

oo
r 

of
 t

h
is

 lo
ad

 b
ed

 
ke

ep
 t

h
e 

sa
n

d
 in

si
d

e 
w

h
en

 
th

e 
tr

u
ck

 is
 d

ri
vi

n
g?

 E
xp

la
in

 
yo

u
r 

an
sw

er
. Y

ou
 c

an
 a

ls
o

 
u

se
 a

 d
ra

w
in

g 
to

 e
xp

la
in

 y
ou

r
 

an
sw

er
.

If
 t

he
 d

oo
r 

ha
s 

no
 la

tc
h,

 it
 w

ill
 s

wi
ng

 a
nd

 le
t 

sa
nd

 f
al

l o
ut

 w
hi

le
 t

he
 t

ru
ck

 is
 

dr
iv

in
g.

 T
hi

s 
ki

nd
 o

f 
do

or
 m

us
t 

ha
ve

 a
 la

tc
h.

 W
he

n 
th

e 
dr

iv
er

 w
an

ts
 t

o 
ti

p 
ou

t
th

e 
sa

nd
, s

he
 o

r 
he

 m
us

t 
wa

lk
 t

o 
th

e 
ba

ck
 a

nd
 u

nl
oc

k 
th

e 
do

or
. 

Fo
r 

th
e 

be
ne

fit
 o

f 
th

e 
te

ac
he

r,
 a

 m
or

e 
co

m
pr

eh
en

si
ve

 e
xp

la
na

ti
on

 o
f 

th
e

an
sw

er
s 

to
 q

ue
st

io
ns

 1
 a

nd
 4

 a
re

 g
iv

en
 h

er
e:

 
Im

ag
in

e 
a 

sc
en

ar
io

 w
it

h 
tw

o 
pe

op
le

 a
nd

 t
he

 d
oo

r 
wh

er
e 

Si
po

 is
 v

er
y 

st
ro

ng
 a

nd
ho

ld
s 

th
e 

to
p 

of
 t

he
 d

oo
r.

 T
om

 is
 w

ea
ke

r 
an

d 
ho

ld
s 

th
e 

bo
tt

om
 o

f 
th

e 
do

or
. S

ip
o

ho
ld

s 
th

e 
do

or
 s

ti
ll 

wh
ile

 T
om

 t
ri

es
 t

o 
sw

in
g 

th
e 

do
or

 u
p.

 I
t 

wi
ll 

he
lp

 T
om

 if
 S

ip
o

ho
ld

s 
th

e 
do

or
 r

ig
ht

 a
t 

th
e 

to
p 

(li
ke

 t
he

 h
in

ge
s 

in
 F

ig
ur

e 
8)

. B
ut

 if
 S

ip
o 

ta
ke

s
ho

ld
 o

n 
po

in
ts

 f
ar

 a
wa

y 
fr

om
 t

he
 d

oo
r,

 o
n 

ho
ri

zo
nt

al
 le

ve
rs

 a
tt

ac
he

d 
to

 t
he

 t
op

of
 t

he
 d

oo
r 

(a
s 

th
e 

hi
ng

e 
in

 F
ig

ur
e 

3)
, i

t 
wi

ll 
be

 v
er

y 
di

ffi
cu

lt
 f

or
 S

ip
o 

to
 s

wi
ng

th
e 

do
or

 u
p.

[3
]

To
ta

l [
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5.
 

M
ak

e 
a 

m
od

el
 o

f 
th

e 
d

oo
r 

on
 y

ou
r 

bo
x 

to
 s

h
ow

 y
ou

r 
d

es
ig

n
. T

h
en

 m
ak

e 
a 

ro
u

gh
 s

ke
tc

h
 o

f 
yo

u
r 

d
es

ig
n

 f
or

 t
h

e 
d

oo
r.

  
 

 
 

To
ta

l [
5]

Fi
gu

re
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H
ow

 t
o 

m
ak

e 
a 

sw
it

ch
 t

ha
t 

go
es

 “
on

” 
w

he
n 

th
e 

lo
ad

 b
ed

 t
ilt

s 
up

 

T
h

e 
tr

u
ck

 n
ee

d
s 

a 
ci

rc
u

it
 t

h
at

 w
il

l w
ar

n
 

th
e 

d
ri

ve
r 

w
h

en
 t

h
e 

lo
ad

 m
ov

es
. L

oo
k 

at
 

th
e 

ci
rc

u
it

 o
n

 t
h

e 
ri

gh
t 

th
at

 is
 “

n
or

m
al

ly
 

op
en

”.
 N

or
m

al
ly

 o
p

en
 m

ea
n

s 
th

e 
sw

it
ch

 
d

oe
s 

n
ot

 c
om

p
le

te
 t

h
e 

ci
rc

u
it

 u
n

le
ss

 
so

m
et

h
in

g 
p

re
ss

es
 o

n
 t

h
e 

sp
ri

n
gy

 m
et

al
 

st
ri

p
. 

C
h

an
ge

 t
h

e 
d

es
ig

n
 o

f 
th

e 
sw

it
ch

 s
o 

th
at

 it
 is

 “
n

or
m

al
ly

 c
lo

se
d

”.
 T

h
e 

w
ei

gh
t 

of
 t

h
e 

tr
u

ck
 b

ed
 s

h
ou

ld
 k

ee
p

 t
h

e 
sw

it
ch

 o
p

en
 o

r 
“o

ff
”,

 s
o 

th
at

 it
 c

an
n

ot
 c

om
p

le
te

 t
h

e 
ci

rc
u

it
. W

h
en

 t
h

e 
be

d
 li

ft
s 

u
p

, t
h

e 
sw

it
ch

 m
u

st
 c

lo
se

 t
o 

go
 “

on
” 

an
d

 c
om

p
le

te
 t

h
e 

ci
rc

u
it

. T
h

is
 w

il
l m

ak
e 

th
e 

be
ep

er
 g

o 
of

f 
an

d
 m

ak
e 

th
e 

LE
D

 li
gh

t 
sh

in
e.

  
1.

 
D

ra
w

 y
ou

r 
id

ea
 f

or
 a

 n
or

m
al

ly
 c

lo
se

d
 s

w
it

ch
. S

h
ow

 t
h

e 
lo

ad
 b

ed
 in

 t
h

e 
d

ow
n

-
p

os
it

io
n

, h
ol

d
in

g 
th

e 
sw

it
ch

 o
p

en
. Y

ou
 d

on
’t

 h
av

e 
to

 d
ra

w
 t

h
e 

w
h

ol
e 

tr
u

ck
, j

u
st

 
th

e 
p

ar
t 

th
at

 p
u

sh
es

 t
h

e 
sw

it
ch

 d
ow

n
.

lo
ad

 b
ed

pi
ec

e 
to

 p
us

h 
th

e 
sw

itc
h 

op
en

pi
ec

e 
to

 p
us

h 
th

e 
sw

itc
h 

op
en

lo
ad

 b
ed

co
nt

ac
t

w
oo

d
co

nt
ac

t

sp
rin

g 
sp

on
ge

 
th

at
 p

us
he

s 
up

co
nt

ac
t

be
ep

er

LE
D

sp
rin

g 
m

et
al

 s
tr

ip
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H
ow

 t
o 

m
ak

e 
w

he
el

s 
an

d 
a 

tr
uc

k 
bo

dy

T
h

e 
sk

et
ch

es
 b

el
ow

 s
h

ow
 h

ow
 t

o 
m

ak
e 

w
h

ee
ls

 f
ro

m
 p

la
st

ic
 b

ot
tl

e 
to

p
s,

 a
n

d
 h

ow
 t

o 
at

ta
ch

 t
h

e 
w

h
ee

ls
 t

o 
th

e 
bo

x 
th

at
 r

ep
re

se
n

ts
 t

h
e 

tr
u

ck
 b

od
y.

 

Fi
gu

re
 1

0 
Fi

gu
re

 1
1

R
em

em
be

r 
th

at
 t

h
e 

ba
ck

 o
f 

th
e 

tr
u

ck
 b

od
y 

m
u

st
 h

av
e 

en
ou

gh
 r

oo
m

 f
or

 t
h

e 
h

yd
ra

u
li

c 
sy

ri
n

ge
 t

o 
m

ov
e.

 T
h

e 
bo

d
y 

sh
ou

ld
 a

ls
o 

h
av

e 
ro

om
 f

or
 t

h
e 

h
in

ge
. 

1.
 

Lo
ok

 a
t 

th
e 

w
h

ee
ls

 o
f 

th
e 

tr
u

ck
 in

 F
ig

u
re

 3
. T

ru
ck

s 
th

at
 c

ar
ry

 h
ea

vy
 lo

ad
s 

m
u

st
 

h
av

e 
w

h
ee

ls
 t

h
at

 a
re

 s
tr

on
g,

 b
u

t 
al

so
 w

id
e.

 W
h

y 
d

o 
th

e 
ty

re
s 

h
av

e 
to

 b
e 

w
id

e?

W
id

e 
ty

re
s 

sp
re

ad
 t

he
 w

ei
gh

t 
of

 t
he

 t
ru

ck
 o

ve
r 

a 
la

rg
er

 a
re

a.
 T

he
 w

ei
gh

t 
of

th
e 

tr
uc

k 
is

 t
oo

 h
ea

vy
 f

or
 n

ar
ro

w 
ty

re
s.

 T
he

 t
yr

es
 w

ou
ld

 b
ur

st
 o

r 
th

e 
wh

ee
ls

wo
ul

d 
be

nd
. W

id
e 

ty
re

s 
al

so
 h

el
p 

th
e 

tr
uc

k 
to

 h
av

e 
be

tt
er

 g
ri

p 
wh

en
 d

ri
vi

ng
 o

n
ro

ug
h 

te
rr

ai
n.

[2
]

2.
 

H
ow

 c
an

 y
ou

 m
ak

e 
su

re
 t

h
at

 t
h

e 
w

h
ee

ls
 c

an
 t

u
rn

 f
re

el
y?

Th
e 

wh
ee

ls
 m

us
t 

tu
rn

 in
 b

ea
ri

ng
s 

on
 t

he
 a

xl
e,

 o
r 

th
e 

ax
le

 m
us

t 
tu

rn
 in

 b
ea

ri
ng

s
on

 t
he

 b
od

y 
of

 t
he

 t
ru

ck
. A

 b
ea

ri
ng

 is
 a

 s
ur

fa
ce

 t
ha

t 
le

ts
 a

 s
ha

ft
 t

ur
n 

wi
th

lit
tl

e 
fr

ic
ti

on
. F

or
 t

he
 m

od
el

 t
ru

ck
, p

la
st

ic
 s

tr
aw

s 
ar

e 
go

od
 b

ea
ri

ng
s,

 a
n

ax
le

 c
an

 b
e 

m
ad

e 
of

 w
ir

e 
or

 o
f 

th
in

 w
oo

de
n 

do
we

ls
.

[3
] 

[T
ot

al
: 5

]
3.

 
T

h
e 

tr
u

ck
 s

h
ou

ld
 h

av
e 

en
ou

gh
 r

oo
m

 f
or

 t
h

e 
h

yd
ra

u
li

c 
sy

ri
n

ge
 t

o 
m

ov
e.

 I
t 

sh
ou

ld
 a

ls
o 

h
av

e 
ro

om
 f

or
 t

h
e 

h
in

ge
. M

ak
e 

a 
sk

et
ch

 o
f 

th
e 

bo
x 

yo
u

 w
il

l u
se

 f
or

 
th

e 
tr

u
ck

 b
od

y,
 a

n
d

 s
h

ow
 t

h
e 

sy
ri

n
ge

 a
n

d
 t

h
e 

h
in

ge
s 

on
 t

h
is

 s
ke

tc
h

.

lo
ad

 b
ed

 
hi

ng
e 

m
as

k 
of

 ta
pe

ax
le

 
bo

x 
fo

r 
tr

uc
k 

bo
dy

ax
le

 
bo

x 
fo

r 
ca

b

W
ee

k
 2

D
es

ig
n 

yo
ur

 t
ip

 t
ru

ck
  

(3
0 

m
in

ut
es

)

Y
ou

 w
il

l w
or

k 
as

 a
 t

ea
m

 o
f 

th
re

e 
or

 f
ou

r 
to

 d
es

ig
n

 a
n

d
 m

ak
e 

d
if

fe
re

n
t 

p
ar

ts
 t

h
at

 
w

il
l f

it
 e

xa
ct

ly
 t

og
et

h
er

 t
o 

m
ak

e 
a 

m
od

el
 t

ip
 t

ru
ck

 t
h

at
 w

or
ks

. E
ac

h
 p

er
so

n
 w

il
l 

m
ak

e 
on

ly
 o

n
e 

p
ar

t.
R

em
in

d
 y

ou
rs

el
f 

w
h

y 
yo

u
 a

re
 m

ak
in

g 
th

is
 m

od
el

, a
n

d
 lo

ok
 a

ga
in

 a
t 

th
e 

sp
ec

ifi
ca

ti
on

s.
 

D
es

ig
n 

al
l t

he
 p

ar
ts

 o
f 

th
e 

ti
p 

tr
uc

k

D
ra

w
 y

ou
r 

d
es

ig
n

s 
on

 s
h

ee
ts

 o
f 

A
4 

p
ap

er
. G

iv
e 

a 
ti

tl
e 

fo
r 

ea
ch

 d
ra

w
in

g,
 t

o 
sh

ow
 

w
h

at
 t

h
e 

d
ra

w
in

g 
is

 a
bo

u
t.

 A
ls

o 
u

se
 la

be
ls

 t
o 

sh
ow

 w
h

at
 t

h
e 

d
if

fe
re

n
t 

p
ar

ts
 o

f 
th

e 
d

ra
w

in
g 

ar
e.

U
se

 y
ou

r 
ru

le
r 

an
d

 s
h

ow
 m

ea
su

re
m

en
ts

 o
f 

th
e 

p
ar

ts
 o

n
 y

ou
r 

d
ra

w
in

g.
 T

h
e 

m
ea

su
re

m
en

ts
 a

re
 im

p
or

ta
n

t 
be

ca
u

se
 t

h
e 

p
ar

t 
or

 p
ar

ts
 y

ou
 m

ak
e 

h
av

e 
to

 fi
t 

in
to

 
th

e 
p

ar
ts

 t
h

at
 o

th
er

 p
eo

p
le

 a
re

 m
ak

in
g.

 
If

 y
ou

 a
re

 m
ak

in
g 

th
e 

w
ar

n
in

g 
ci

rc
u

it
, d

ra
w

 a
 c

ir
cu

it
 d

ia
gr

am
 a

n
d

 a
ls

o 
d

ra
w

 t
h

e 
re

al
 c

ir
cu

it
. Y

ou
 h

av
e 

to
 p

la
n

 y
ou

r 
ci

rc
u

it
 s

o 
th

at
 t

h
e 

sw
it

ch
 w

il
l b

e 
u

n
d

er
n

ea
th

 t
h

e 
lo

ad
 b

ed
, a

n
d

 y
ou

 h
av

e 
so

m
ew

h
er

e 
to

 h
id

e 
th

e 
ba

tt
er

y.
  

If
 y

ou
 g

et
 a

 b
et

te
r 

id
ea

, d
on

’t
 t

h
ro

w
 a

w
ay

 t
h

e 
fi

rs
t 

sk
et

ch
es

. K
ee

p
 a

ll
 y

ou
r 

ol
d

 
sk

et
ch

es
 a

n
d

 n
ot

es
 t

og
et

h
er

. Y
ou

r 
te

ac
h

er
 w

il
l a

ss
es

s 
yo

u
 o

n
 h

ow
 m

u
ch

 y
ou

r 
id

ea
s 

h
av

e 
im

p
ro

ve
d

. 
 

 
 

 
 

 
 

[T
ot

al
: 6

]

Te
am

 d
es

ig
n 

m
ee

ti
ng

  
(3

0 
m

in
ut

es
)

Y
ou

 w
il

l w
or

k 
in

 t
ea

m
s 

of
 t

h
re

e 
or

 f
ou

r.
 E

ac
h

 p
er

so
n

 w
il

l m
ak

e 
on

ly
 c

er
ta

in
 p

ar
ts

 o
f 

th
e 

ti
p

 t
ru

ck
, a

n
d

 in
 t

h
e 

en
d

 a
ll

 t
h

e 
p

ar
ts

 h
av

e 
to

 f
it

 t
og

et
h

er
. 

D
iv

id
e 

th
e 

w
or

k 
am

on
gs

t 
yo

u
rs

el
ve

s.
 F

or
 e

xa
m

p
le

, g
iv

e 
ea

ch
 p

er
so

n
 o

n
e 

of
 t

h
e 

fo
ll

ow
in

g 
p

ar
ts

 t
o 

m
ak

e:
• 

th
e 

lo
ad

 b
ed

 a
n

d
 t

h
e 

tr
u

ck
 b

od
y,

 t
h

e 
h

in
ge

s 
be

tw
ee

n
 th

em
, a

n
d

 t
h

e 
h

yd
ra

u
lic

 s
ys

te
m

;
• 

th
e 

d
oo

r 
of

 t
h

e 
lo

ad
 b

ed
 a

n
d

 t
h

e 
ca

bi
n

 o
f 

th
e 

tr
u

ck
; o

r
• 

th
e 

sw
it

ch
 f

or
 t

h
e 

w
ar

n
in

g 
be

ep
er

 a
n

d
 li

gh
t,

 a
n

d
 t

h
e 

tr
u

ck
 w

h
ee

ls
 a

n
d

 a
xl

es
.

A
s 

a 
te

am
, y

ou
 n

ee
d

 t
o 

ch
ec

k 
th

e 
d

es
ig

n
s 

of
 t

h
e 

d
if

fe
re

n
t 

p
ar

ts
 t

o 
se

e 
if

 e
ve

ry
th

in
g 

w
il

l f
it

 t
og

et
h

er
. O

n
ly

 t
h

en
 c

an
 y

ou
 s

ta
rt

 m
ak

in
g 

th
e 

d
if

fe
re

n
t 

p
ar

ts
 in

d
iv

id
u

al
ly

. I
f 

th
e 

p
ar

ts
 w

on
’t

 f
it

, y
ou

 w
il

l h
av

e 
to

 a
d

ap
t 

th
e 

d
es

ig
n

s 
to

 m
ak

e 
th

em
 f

it
. 
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e 
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TE

R
M
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17

0
17

1

In
di

vi
du

al
 w

or
k:

 G
et

 r
ea

dy
 t

o 
m

ak
e 

yo
ur

 p
ar

ts

R
ew

ri
te

 a
n

d
 c

om
p

le
te

 t
h

e 
fo

ll
ow

in
g 

se
n

te
n

ce
s:

1.
 

I 
am

 g
oi

ng
 t

o 
m

ak
e 

…

Ea
ch

 le
ar

ne
r 

ca
n 

ch
oo

se
 w

hi
ch

 p
ar

ts
 o

f 
th

e 
te

am
’s 

de
si

gn
 t

he
y 

wi
ll 

m
ak

e.
2.

 
I 

w
ill

 n
ee

d 
th

e 
fo

llo
w

in
g 

m
at

er
ia

ls
: 

Ex
am

pl
es

 o
f 

m
at

er
ia

ls
 (l

ea
rn

er
s 

ha
ve

 t
o 

th
in

k 
ah

ea
d,

ai
de

d 
by

 t
he

ir
 d

es
ig

n 
dr

aw
in

gs
): 

ca
rd

bo
ar

d 
bo

xe
s 

of
th

e 
ri

gh
t 

si
ze

 f
or

 t
he

 lo
ad

 b
ed

; s
ti

ff
 c

ar
db

oa
rd

;
ta

pe
; s

tr
aw

s 
fo

r 
be

ar
in

gs
; w

ir
e 

or
 w

oo
de

n 
do

we
ls

 f
or

 a
xl

es
; b

ot
tl

e 
to

ps
 f

or
 

wh
ee

ls
; s

tr
in

g 
fo

r 
ch

ai
ns

 t
o 

ho
ld

 t
he

 d
oo

r-
ar

m
s 

do
wn

; w
ir

e 
or

 p
ap

er
 f

as
te

ne
rs

fo
r 

hi
ng

es
 (p

iv
ot

s)
; w

oo
d 

gl
ue

; s
yr

in
ge

s 
of

 d
if

fe
re

nt
 d

ia
m

et
er

s;
 p

la
st

ic
 t

ub
in

g 
to

 c
on

ne
ct

 t
he

 s
yr

in
ge

s;
 w

at
er

 c
on

ta
in

er
 t

o 
fil

l t
he

 s
yr

in
ge

s;
 t

wo
 A

A
 c

el
ls

; L
ED

;
be

ep
er

/b
uz

ze
r;

 e
le

ct
ri

ca
l c

on
du

ct
io

n 
wi

re
 f

or
 t

he
 c

ir
cu

it
; s

pr
in

gy
 m

at
er

ia
l t

o
m

ak
e 

th
e 

no
rm

al
ly

-o
pe

n 
sw

it
ch

; s
an

d 
to

 p
ut

 in
 t

he
 lo

ad
 b

ed
 o

f 
th

e 
m

od
el

 t
ru

ck
. [3

]
3.

 
I 

w
ill

 n
ee

d 
th

e 
fo

llo
w

in
g 

to
ol

s:

Ex
am

pl
es

 o
f 

to
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; c
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 d
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; p
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 b
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ro
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p
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w
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l l
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rg

y 
on

 th
e 

ot
he

r 
si

de
 o

f t
he

 la
m

p 
an

d 
w

e 
sa

y 
th

er
e 

ha
s 

be
en

 a
 d

ro
p 

or
 d

ec
re

as
e 

in
 th

e 
vo

lta
ge

 a
cr

os
s 

th
e 

la
m

p.
   

La
m

ps
 in

 p
ar

al
le

l

W
hy

 c
an

 w
e 

sa
y 

ea
ch

 la
m

p 
in

 p
ar

al
le

l g
et

s 
th

e 
sa

m
e 

vo
lta

ge
 d

ro
p 

ac
ro

ss
 it

? 
Th

e 
an

sw
er

 is
 th

at
 

th
e 

po
si

tiv
e 

te
rm

in
al

 o
f t

he
 b

at
te

ry
 is

 c
on

ne
ct

ed
 to

 b
ot

h 
la

m
ps

 b
y 

co
pp

er
 w

ire
s,

 w
hi

ch
 a

re
 v

er
y 

go
od

 c
on

du
ct

or
s.

 T
he

se
 c

op
pe

r 
w

ire
s 

ar
e 

th
e 

lo
ng

 s
tr

ai
gh

t l
in

es
 in

 th
e 

di
ag

ra
m

. B
ec

au
se

 th
e 

co
nd

uc
to

rs
 a

re
 s

o 
go

od
, t

he
re

 is
 n

o 
vo

lta
ge

 d
ro

p 
ac

ro
ss

 th
os

e 
co

nd
uc

to
rs

. I
t i

s 
as

 if
 w

e 
ha

ve
 

co
nn

ec
te

d 
ea

ch
 la

m
p 

st
ra

ig
ht

 o
nt

o 
th

e 
te

rm
in

al
 o

f t
he

 b
at

te
ry

 a
nd

 th
e 

w
ire

s 
w

er
e 

no
t t

he
re

.  

Te
rm

 3
: E

le
ct

ri
ca

l 
| 

El
ec

tr
o

n
ic

 s
ys

te
m

s
C

h
a

p
te

r
 1

1
C

o
m

p
o

n
en

t 
sy

m
b

o
ls

 a
n

d
 

si
m

p
le

 c
ir

cu
it

s
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A
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TE
R

M
 3

17
6

17
7

Q
ue

st
io

n 
5 

(b
) a

nd
 F

ig
ur

e 
9 

m
ig

ht
 h

ol
d 

a 
su

rp
ris

e 
fo

r 
le

ar
ne

rs
. U

su
al

ly,
 w

e 
gi

ve
 th

em
 th

e 
sa

m
e 

ki
nd

 o
f t

or
ch

 b
ul

bs
 o

r 
la

m
ps

 to
 w

or
k 

w
ith

. T
he

re
fo

re
, t

he
y 

m
ig

ht
 e

xp
ec

t t
ha

t t
he

 c
ur

re
nt

 th
ro

ug
h 

L1
 a

nd
 L

2 
sh

ou
ld

 b
e 

th
e 

sa
m

e.
 P

ro
m

pt
 th

em
 w

ith
 a

 q
ue

st
io

n:
 “

Do
 y

ou
 th

in
k 

th
e 

la
m

ps
 a

re
 o

f t
he

 
sa

m
e 

ki
nd

?”

N
ow

, s
om

e 
of

 th
em

 m
ig

ht
 th

in
k 

(a
nd

 th
is

 is
 m

or
e 

of
 a

 w
or

ry
 fo

r 
a 

te
ac

he
r):

 “
O

h 
w

el
l, 

I c
an

’t 
un

de
rs

ta
nd

 th
is

 s
tu

ff,
 a

nd
 th

er
e’

s 
no

 w
ay

 o
f t

el
lin

g 
w

ha
t t

he
 c

ur
re

nt
s 

ar
e 

in
 e

ac
h 

la
m

p.
 If

 th
e 

bo
ok

 s
ay

s 
th

e 
cu

rr
en

ts
 a

re
 d

iff
er

en
t, 

th
at

’s 
ho

w
 it

 is
”.

 Y
ou

 s
ho

ul
d 

th
er

ef
or

e 
ex

pl
ai

n 
th

at
 th

e 
cu

rr
en

ts
 c

an
 b

e 
di

ffe
re

nt
 b

ec
au

se
 la

m
ps

 a
re

 m
ad

e 
w

ith
 d

iff
er

en
t f

ila
m

en
ts

. I
f y

ou
 lo

ok
 c

lo
se

ly
 a

t 
lig

ht
 b

ul
bs

/l
am

ps
, y

ou
 m

ay
 fi

nd
 s

om
e 

pr
in

tin
g 

on
 th

e 
sc

re
w

-c
on

ta
ct

. I
t m

ig
ht

 s
ay

 “
0.

3W
” 

or
 “

6V
 

3W
” 

or
 “

3.
8V

”.
 T

he
se

 n
um

be
rs

 a
re

 th
e 

po
w

er
 r

at
in

g 
in

 w
at

ts
 o

r 
th

e 
m

ax
im

um
 v

ol
ta

ge
 fo

r 
w

hi
ch

 
th

e 
fil

am
en

t i
s 

de
si

gn
ed

. 

So
m

e 
m

an
uf

ac
tu

re
rs

 c
ol

ou
r-c

od
e 

th
ei

r 
bu

lb
s 

to
 s

ho
w

 th
e 

ra
tin

g.
 If

 y
ou

 lo
ok

 in
si

de
 th

e 
bu

lb
, y

ou
 

m
ay

 s
ee

 a
 li

ttl
e 

pl
as

tic
 b

ea
d 

th
at

 h
ol

ds
 th

e 
co

nd
uc

tin
g 

w
ire

s 
ap

ar
t. 

Th
e 

be
ad

 m
ay

 b
e 

w
hi

te
, 

bl
ue

, g
re

en
 o

r 
ye

llo
w.

 T
he

 c
ol

ou
r 

te
lls

 y
ou

 th
e 

vo
lta

ge
 th

at
 w

ill 
m

ak
e 

th
at

 b
ul

b 
ve

ry
 b

rig
ht

. T
he

 
Ev

er
ea

dy
 C

om
pa

ny
 u

se
d 

to
 m

ak
e 

to
rc

h 
bu

lb
s 

w
ith

 th
e 

co
lo

ur
 c

od
es

 a
s 

fo
llo

w
s:

 w
hi

te
 m

ea
nt

 1
,1

 
vo

lts
, b

lu
e 

m
ea

nt
 2

,4
 v

ol
ts

, a
nd

 g
re

en
 m

ea
nt

 3
,8

 v
ol

ts
. (

Re
m

em
be

r 
th

at
 y

ou
r 

bu
lb

s 
m

ig
ht

 c
om

e 
fro

m
 C

hi
na

 a
nd

 h
av

e 
ot

he
r 

co
lo

ur
 c

od
es

.) 

W
e 

us
ua

lly
 p

ut
 1

,5
 v

ol
ts

 a
cr

os
s 

a 
bu

lb
 r

at
ed

 fo
r 

1,
1 

vo
lts

 a
nd

 it
 w

ill 
be

 b
rig

ht
 a

nd
 n

ot
 b

ur
n 

ou
t. 

Si
m

ila
rly

, w
e 

ca
n 

pu
t 3

 v
ol

ts
 a

cr
os

s 
a 

bu
lb

 r
at

ed
 fo

r 
2,

4 
vo

lts
 a

nd
 4

,5
 v

ol
ts

 a
cr

os
s 

a 
bu

lb
 r

at
ed

 
fo

r 
3,

8 
vo

lts
.  

Sw
itc

he
s 

in
 s

er
ie

s 
an

d 
pa

ra
lle

l

Th
is

 re
ca

ps
 w

ha
t y

ou
 d

id
 in

 G
ra

de
 8

 o
n 

lo
gi

c 
ga

te
s,

 th
e 

be
ll 

sy
st

em
 in

 th
e 

bu
s,

 a
nd

 th
e 

al
ar

m
 

sy
st

em
 fo

r 
M

r 
Ab

du
lla

hi
’s 

sh
op

. 

11
.2

 R
ev

is
io

n 
2:

 S
im

pl
e 

ci
rc

ui
ts

Th
e 

le
ar

ne
rs

 h
av

e 
to

 m
ak

e 
ci

rc
ui

ts
, f

ol
lo

w
in

g 
th

e 
in

st
ru

ct
io

ns
 in

 th
ei

r 
bo

ok
. E

ac
h 

tim
e 

th
ey

 m
ak

e 
a 

ci
rc

ui
t, 

th
ey

 m
us

t a
ls

o 
dr

aw
 a

 c
irc

ui
t d

ia
gr

am
 o

f i
t. 

11
.3

 T
es

ti
ng

 v
ol

ta
ge

 a
nd

 c
ur

re
nt

 i
n 

ci
rc

ui
ts

Th
e 

le
ar

ne
rs

 u
se

 m
ul

ti-
m

et
er

s 
to

 m
ea

su
re

 re
si

st
an

ce
, v

ol
ta

ge
 a

nd
 c

ur
re

nt
 in

 re
al

 c
irc

ui
ts

, a
nd

 
us

e 
th

ei
r 

m
ea

su
re

m
en

ts
 to

 c
on

st
ru

ct
 a

 g
ra

ph
 o

f t
he

 re
la

tio
ns

hi
p 

be
tw

ee
n 

cu
rr

en
t a

nd
 v

ol
ta

ge
.

D
iff

er
en

t r
an

ge
s 

of
 m

ea
su

re
m

en
t o

n 
a 

m
ul

tim
et

er
 

Yo
u 

w
ill 

ha
ve

 to
 te

ac
h 

le
ar

ne
rs

 h
ow

 to
 re

ad
 th

e 
m

ul
ti-

m
et

er
s.

 T
he

 m
an

uf
ac

tu
re

rs
 d

o 
no

t c
on

si
de

r 
le

ar
ne

rs
 w

he
n 

th
ey

 p
rin

t t
he

 fa
ce

 o
f t

he
 m

et
er

! O
n 

th
e 

DC
V 

sc
al

e,
 “

DC
V”

 m
ea

ns
 “

Di
re

ct
 C

ur
re

nt
, 

Vo
lts

”.
 2

00
m

 m
ea

ns
 2

00
 m

illi
vo

lts
: o

n 
th

is
 r

an
ge

, y
ou

 c
an

 m
ea

su
re

 u
p 

to
 2

00
 x

 0
.0

01
 v

ol
ts

, 
th

at
 is

 to
 s

ay
, u

p 
to

 0
,2

 v
ol

ts
. I

f t
he

 v
ol

ta
ge

 y
ou

 a
re

 tr
yi

ng
 to

 m
ea

su
re

 is
 g

re
at

er
 th

an
 0

,2
 v

ol
ts

, 
th

e 
di

sp
la

y 
w

ill 
pu

t a
 1

 o
n 

th
e 

le
ft-

ha
nd

 e
nd

. T
he

 “
1”

 m
ea

ns
, “

th
e 

m
et

er
 is

 w
or

ki
ng

 b
ut

 y
ou

 
sh

ou
ld

 s
el

ec
t a

 h
ig

he
r 

ra
ng

e”
.  

 

So
, y

ou
 n

ee
d 

to
 s

w
itc

h 
to

 th
e 

20
00

m
 r

an
ge

. “
20

00
m

” 
m

ea
ns

 2
 0

00
 m

illi
vo

lts
, w

hi
ch

 is
 2

 v
ol

ts
, 

an
d 

2 
vo

lts
 is

 th
e 

bi
gg

es
t v

ol
ta

ge
 it

 c
an

 m
ea

su
re

. I
f y

ou
 m

ea
su

re
 a

ga
in

 a
nd

 s
til

l s
ee

 a
 1

 o
n 

th
e 

di
sp

la
y,

 th
e 

vo
lta

ge
 is

 g
re

at
er

 th
an

 2
 v

ol
ts

, s
o 

sw
itc

h 
to

 th
e 

ra
ng

e 
th

at
 is

 la
be

lle
d 

20
. O

f c
ou

rs
e,

 
th

is
 m

ea
ns

 2
0 

vo
lts

. N
ow

 y
ou

 m
ig

ht
 s

ee
 a

 n
um

be
r 

su
ch

 a
s 

1,
52

 in
 th

e 
di

sp
la

y.
 If

 y
ou

 s
w

itc
h 

to
 

th
e 

20
0 

ra
ng

e,
 y

ou
 s

ho
ul

d 
st

ill 
se

e 
1,

5 
in

 th
e 

di
sp

la
y.

 T
he

 la
st

 d
ig

it 
do

es
 n

ot
 d

is
pl

ay
 b

ec
au

se
 

th
e 

20
0-

vo
lt 

ra
ng

e 
is

 n
ot

 a
s 

ac
cu

ra
te

 a
s 

th
e 

20
-v

ol
t r

an
ge

. 

Yo
u 

ca
n 

bu
y 

m
ul

ti-
m

et
er

s 
fro

m
 h

ar
dw

ar
e 

st
or

es
, a

nd
 s

om
et

im
es

 e
ve

n 
fro

m
 s

up
er

m
ar

ke
ts

. T
he

y 
ar

e 
re

la
tiv

el
y 

ch
ea

p.
 

An
 a

lte
rn

at
iv

e 
to

 m
ul

ti-
m

et
er

s 
is

 a
m

m
et

er
s 

an
d 

vo
ltm

et
er

s.
 E

ac
h 

m
et

er
 d

oe
s 

ju
st

 o
ne

 jo
b:

 it
 

sh
ow

s 
vo

lta
ge

 o
r 

it 
sh

ow
s 

cu
rr

en
t. 

Fo
r 

sc
ho

ol
 u

se
, c

ho
os

e 
vo

ltm
et

er
s 

th
at

 re
ad

 u
p 

to
 1

0 
vo

lts
 

an
d 

am
m

et
er

s 
th

at
 re

ad
 u

p 
to

 3
 a

m
pe

re
s.

 

Th
e 

re
d 

an
d 

bl
ac

k 
w

ire
s 

m
us

t b
e 

co
nn

ec
te

d 
th

e 
co

rr
ec

t w
ay

 a
ro

un
d 

on
 th

e 
te

rm
in

al
s 

of
 th

e 
m

et
er

s:
 if

 y
ou

 c
on

ne
ct

 th
e 

w
ro

ng
 w

ay
 a

ro
un

d,
 th

e 
ne

ed
le

 w
ill 

tr
y 

to
 m

ov
e 

to
 th

e 
le

ft.

Th
e 

ad
va

nt
ag

e 
of

 a
 m

ul
ti-

m
et

er
 is

 th
at

 y
ou

 c
an

 m
ea

su
re

 re
si

st
an

ce
 d

ire
ct

ly.
 T

he
 m

ul
ti-

m
et

er
 h

as
 

its
 o

w
n 

ba
tte

ry
 in

si
de

, a
nd

 w
he

n 
yo

u 
co

nn
ec

t a
cr

os
s 

a 
re

si
st

or
, t

he
 m

ul
ti-

m
et

er
 p

as
se

s 
a 

sm
al

l 
cu

rr
en

t t
hr

ou
gh

 th
e 

re
si

st
or

, c
om

pa
re

s 
th

e 
vo

lta
ge

 a
nd

 th
e 

cu
rr

en
t, 

an
d 

di
sp

la
ys

 th
e 

re
su

lt 
as

 a
 

re
si

st
an

ce
 v

al
ue

. 

Th
e 

te
ac

he
r 

sh
ou

ld
 p

rin
t c

op
ie

s 
of

 th
e 

gr
ap

h 
pa

pe
r 

in
 th

e 
Le

ar
ne

r 
Bo

ok
s 

fo
r 

le
ar

ne
rs

 to
 d

ra
w

 
th

e 
gr

ap
h 

in
 F

ig
ur

e 
24

.



C
H

A
PT

ER
 1

1:
 C

O
M

PO
N

EN
T 

SY
M

B
O

LS
 

A
N

D
 S

IM
PL

E 
C

IR
C

U
IT

S
TE

C
H

N
O

LO
G

Y
 G

R
A

D
E 

9 
TE

R
M

 3
17

8
17

9

11
.1

 R
ev

is
io

n 
1:

 C
om

po
ne

nt
 s

ym
bo

ls

C
om

p
on

en
ts

 a
re

 t
h

e 
p

ar
ts

 t
h

at
 w

e 
co

n
n

ec
t 

in
 a

n
 e

le
ct

ri
c 

ci
rc

u
it

. 
D

o 
yo

u
 r

em
em

be
r 

th
e 

sy
m

bo
ls

 f
or

 c
el

ls
, l

am
p

s 
an

d
 s

w
it

ch
es

? 
D

o 
yo

u
 r

em
em

be
r 

th
e 

d
if

fe
re

n
ce

 b
et

w
ee

n
 jo

in
in

g 
co

m
p

on
en

ts
 in

 s
er

ie
s 

an
d

 in
 

p
ar

al
le

l?
 L

et
’s

 s
ee

 w
h

at
 y

ou
 c

an
 r

em
em

be
r.

 
Y

ou
 h

av
e 

al
re

ad
y 

le
ar

n
t 

th
at

 a
n

 e
le

ct
ri

c 
ci

rc
u

it
 is

 a
 c

lo
se

d
 p

at
h

 in
 w

h
ic

h
 a

 
cu

rr
en

t 
fl

ow
s.

 

T
h

e 
si

m
p

le
st

 c
ir

cu
it

 h
as

:
• 

a 
p

ow
er

 s
ou

rc
e 

su
ch

 a
s 

a 
ce

ll
,

• 
a 

co
n

d
u

ct
or

, a
n

d
• 

a 
lo

ad
 t

h
at

 p
ro

vi
d

es
 r

es
is

ta
n

ce
, s

u
ch

 a
s 

a 
la

m
p

.

C
el

ls
 in

 s
er

ie
s 

LB
 p

. 
14

0

Tw
o 

or
 m

or
e 

ce
ll

s 
ca

n
 b

e 
co

n
n

ec
te

d
 in

 s
er

ie
s 

to
 

in
cr

ea
se

 t
h

e 
vo

lt
ag

e 
in

 t
h

e 
ci

rc
u

it
. F

ig
u

re
 2

 b
el

ow
 

sh
ow

s 
tw

o 
ce

ll
s 

co
n

n
ec

te
d

 in
 s

er
ie

s 
in

 a
 c

ir
cu

it
. T

h
e 

p
os

it
iv

e 
te

rm
in

al
 o

f 
ce

ll
 A

 is
 c

on
n

ec
te

d
 t

o 
th

e 
la

m
p

.
T

h
e 

n
eg

at
iv

e 
te

rm
in

al
 o

f 
ce

ll
 A

 is
 c

on
n

ec
te

d
 t

o 
th

e 
p

os
it

iv
e 

te
rm

in
al

 o
f 

ce
ll

 B
, a

n
d

 
th

e 
n

eg
at

iv
e 

te
rm

in
al

 o
f 

ce
ll

 B
 is

 c
on

n
ec

te
d

 t
o 

th
e 

ot
h

er
 t

er
m

in
al

 o
f 

th
e 

la
m

p
.

1.
 

D
ra

w
 a

 c
ir

cu
it

 d
ia

gr
am

 o
f 

th
e 

ci
rc

u
it

 in
 F

ig
u

re
 2

.

Fi
gu

re
 2

: T
w

o 
ce

lls
 in

 s
er

ie
s 

co
nn

ec
te

d 
to

 a
 la

m
p

In
 s

er
ie

s 
m

ea
ns

 th
e 

ce
lls

 a
re

 
co

nn
ec

te
d 

en
d-

to
-e

nd
, a

nd
 th

e 
cu

rr
en

t f
lo

w
s 

th
ro

ug
h 

ea
ch

 c
el

l 
in

 tu
rn

.

2.
 

Fi
gu

re
 3

 b
el

ow
 s

h
ow

s 
th

re
e 

ce
ll

s 
co

n
n

ec
te

d
 in

 s
er

ie
s 

in
 a

 c
ir

cu
it

. D
ra

w
 a

 c
ir

cu
it

 
d

ia
gr

am
 o

f 
th

e 
ci

rc
u

it
.

Fi
gu

re
 3

: T
hr

ee
 c

el
ls

 in
 s

er
ie

s 
co

nn
ec

te
d 
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e 

vo
lt

ag
es

 o
f 

th
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 c
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l c
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 c
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 t
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h
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 t
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 c
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ie
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h
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 d
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d
 in

 s
er

ie
s 

w
it

h
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h
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tt
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h

e 
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e 
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rm
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 o
f 
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e 
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er
y 
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s 
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n

n
ec

te
d
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o 

la
m

p
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, t
h

e 
ot

h
er

 s
id

e 
of

 la
m

p
 

1 
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 c
on

n
ec

te
d

 t
o 

la
m

p
 2

, t
h

e 
ot

h
er

 s
id

e 
of

 la
m

p
 2

 is
 c

on
n

ec
te

d
 t

o 
th

e 
n

eg
at

iv
e 

te
rm

in
al

 (B
–)

 o
f 

th
e 

ba
tt

er
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n

d
 s
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h
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w

o 
la

m
ps

 in
 s

er
ie

s

Fi
gu

re
 6

: T
hr

ee
 la

m
ps

 in
 s

er
ie

s

1.
 

H
ow

 d
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m
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er
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s 
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h
e 
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t 
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lt
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h
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u

it
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 d
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 c
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l b
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l b
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is

 t
h

e 
sa

m
e 

th
ro

u
gh

 e
ac

h
 la

m
p

.

La
m

p
s 

in
 p

ar
al

le
l 

LB
 p

. 
14

3

Tw
o 

or
 m

or
e 

la
m

p
s 

ca
n

 a
ls

o 
be

 c
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 d
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 t
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w
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 d
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h
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h
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e 

vo
lt

ag
e 

dr
op

 a
cr

os
s 

ea
ch

 la
m

p 
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 b
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 r
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l c
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 c
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h
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 c
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p
en

 s
w

it
ch

 is
 r

eg
ar

d
ed

 a
s 

h
av

in
g 

a 
va

lu
e 

of
 0

, a
n

d
 a

 c
lo

se
d

 s
w

it
ch

 a
s 

h
av

in
g 

a 
va

lu
e 

of
 1

.
T

h
e 

sw
it

ch
es

 a
re

 t
h

e 
in

p
u

ts
 t

h
at

 c
on

tr
ol

 t
h

e 
fi

n
al

 
st

at
e 

of
 t

h
e 

ci
rc

u
it

. 
If

 t
h

e 
ci

rc
u

it
 is

 n
ot

 c
om

p
le

te
d

, t
h

e 
ou

tp
u

t 
is

 in
 t

h
e 

O
FF

 s
ta

te
 a

n
d

 h
as

 a
 v

al
u

e 
of

 0
. 

If
 t

h
e 

ci
rc

u
it

 is
 c

om
p

le
te

d
, t

h
e 

ou
tp

u
t 

is
 in

 t
h

e 
O

N
 

st
at

e 
an

d
 h

as
 a

 v
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n
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 c
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 c
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 t

h
e 

ta
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e 
be

lo
w

, “
0”

 m
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n
s 

of
f 

or
 o

p
en

, a
n

d
 “

1”
 m

ea
n

s 
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 o
r 
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ed
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op
y 
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d
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m
p

le
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h

e 
ta
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h
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d
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n

t 
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m
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n
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n

s 
p
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ou
, t

h
e 
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h
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p
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0
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 c
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h
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 o
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 c
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 p
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at
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(c
) 

Fi
gu

re
 1

5:

N
o.

 

Th
is

 is
 t

he
 s

am
e 

as
 f

or
 q

ue
st

io
n 

(b
), 

ex
ce

pt
 t

ha
t 

sw
it

ch
 A

 is
 n

ow
 

cl
os

ed
 a

nd
 s

wi
tc

h 
B 

is
 n

ow
 o

pe
n.

2.
 

A
 k

et
tl

e 
m

u
st

 b
e 

sw
it

ch
ed

 o
n

 a
t 

th
e 

w
al

l p
lu

g 
fi

rs
t 

an
d

 t
h

en
 a

t 
th

e 
ke

tt
le

 it
se

lf
.

(a
) C

op
y 

th
e 

tr
u

th
 t

ab
le

 b
el

ow
. F

il
l i

t 
in

 t
o 

sh
ow

 a
ll

 t
h

e 
p

os
si

bl
e 

co
m

bi
n

at
io

n
s.

W
al

l p
lu

g 
sw

it
ch

K
et

tl
e 

sw
it

ch
O

u
tp

u
t

0
0

0
0

1
0

1
0

0
1

1
1

(b
)  

Is
 t

h
is

 a
n

 A
N

D
 f

u
n

ct
io

n
 o

r 
an

 O
R

 f
u

n
ct

io
n

? 
Ex

p
la

in
 y

ou
r 

an
sw

er
.

It
 is

 a
n 

A
N

D
 f

un
ct

io
n.

 B
ot

h 
sw

it
ch

es
 h

av
e 

to
 b

e 
cl

os
ed

 f
or

 t
he

 k
et

tl
e 

to

wo
rk

. I
f 

on
e 

is
 o

ff
, t

he
 k

et
tl

e 
wi

ll 
no

t 
wo

rk
.

11
.2

 R
ev

is
io

n 
2:

 S
im

pl
e 

ci
rc

ui
ts

In
 t

h
is

 le
ss

on
, y

ou
 w

il
l s

et
 u

p
 s

im
p

le
 c

ir
cu

it
s,

 r
ev

is
in

g 
w

h
at

 y
ou

 le
ar

n
t 

ab
ou

t 
se

tt
in

g 
u

p
 c

ir
cu

it
s 

in
 G

ra
d

e 
8.

 

Se
t 

u
p

 c
ir

cu
it

s 
LB

 p
. 

14
7

Y
ou

 w
il

l n
ee

d
 t

h
e 

fo
ll

ow
in

g 
fo

r 
th

is
 a

ct
iv

it
y:

• 
tw

o 
A

A
 c

el
ls

 in
 c

el
l h

ol
d

er
s,

• 
co

n
n

ec
ti

n
g 

w
ir

es
,

• 
a 

sw
it

ch
, a

n
d

• 
tw

o 
la

m
p

s.

Fi
gu

re
 1

5

N
ot

e 
th

at
 y

ou
 c

an
 u

se
 a

 h
om

em
ad

e 
sw

it
ch

 a
n

d
 a

 c
el

l h
ol

d
er

 m
ad

e 
of

 in
su

la
ti

on
 

ta
p

e 
fo

r 
th

is
 a

ct
iv

it
y.

1.
 

Lo
ok

 a
t 

th
e 

ci
rc

u
it

 b
el

ow
.

Fi
gu

re
 1

6

Se
t 

u
p

 t
h

is
 c

ir
cu

it
 a

n
d

 c
h

ec
k 

th
at

 it
 w

or
ks

 b
y 

cl
os

in
g 

th
e 

sw
it

ch
. 

(a
) D

oe
s 

th
e 

la
m

p
 g

lo
w

?

Ye
s,

 it
 d

oe
s 

gl
ow

.

W
h

en
 y

ou
 h

av
e 

th
e 

ci
rc

u
it

 w
or

ki
n

g 
co

rr
ec

tl
y,

 m
ov

e 
on

 t
o 

q
u

es
ti

on
 2

. 

If
 y

ou
 n

ee
d

 t
o,

 y
ou

 c
an

 t
ro

u
bl

es
h

oo
t 

yo
u

r 
ci

rc
u

it
 b

y 
lo

ok
in

g 
at

 t
h

e 
fo

ll
ow

in
g:

• 
If

 t
h

e 
la

m
p

 d
oe

sn
’t

 li
gh

t 
u

p
, b

u
t 

th
e 

w
ir

es
 g

et
 h

ot
, y

ou
 m

ay
 h

av
e 

a 
sh

or
t 

ci
rc

u
it

. T
h

is
 m

ea
n

s 
th

at
 t

h
e 

la
m

p
 is

 n
ot

 c
on

n
ec

te
d

 c
or

re
ct

ly
 

in
 t

h
e 

ci
rc

u
it

, o
r 

th
at

 it
 is

 f
au

lt
y.

 C
h

ec
k 

th
at

 t
h

e 
la

m
p

 is
 c

on
n

ec
te

d
 

co
rr

ec
tl

y 
in

 t
h

e 
ci

rc
u

it
.

• 
If

 t
h

e 
la

m
p

 s
ti

ll
 d

oe
sn

’t
 li

gh
t 

u
p

, c
h

ec
k 

ea
ch

 c
om

p
on

en
t 

an
d

 
co

n
n

ec
ti

n
g 

w
ir

e 
by

 r
ep

la
ci

n
g 

th
em

, o
n

e 
by

 o
n

e.
 Y

ou
 c

an
 id

en
ti

fy
 

w
h

ic
h

 o
n

e 
is

 f
au

lt
y 

th
is

 w
ay

. 

2.
 

A
d

d
 a

n
ot

h
er

 la
m

p
 t

o 
th

e 
ci

rc
u

it
 in

 s
er

ie
s 

w
it

h
 t

h
e 

fi
rs

t 
on

e.
(a

) D
ra

w
 a

 c
ir

cu
it

 d
ia

gr
am

 f
or

 t
h

is
 c

ir
cu

it
. 

Ex
am

pl
es

 o
f 

co
rr

ec
t 

ci
rc

ui
t 

di
ag

ra
m

s:
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ag
e 

14
7



C
H

A
PT

ER
 1

1:
 C

O
M

PO
N

EN
T 

SY
M

B
O

LS
 

A
N

D
 S

IM
PL

E 
C

IR
C

U
IT

S
TE

C
H

N
O

LO
G

Y
 G

R
A

D
E 

9 
TE

R
M

 3
18

8
18

9

N
ot

e 
th

e 
th

ir
d 

ex
am

pl
e 

of
 a

 c
or

re
ct

 c
ir

cu
it

 d
ia

gr
am

. I
t 

lo
ok

s 
lik

e 
th

e 
la

m
ps

ar
e 

in
 p

ar
al

le
l, 

bu
t 

el
ec

tr
ic

al
ly

 t
he

y 
ar

e 
in

 s
er

ie
s.

 I
t 

is
 im

po
rt

an
t 

th
at

le
ar

ne
rs

 d
o 

no
t 

co
nf

us
e 

wh
at

 a
 c

ir
cu

it
 lo

ok
s 

lik
e 

wi
th

 h
ow

 it
 w

or
ks

el
ec

tr
ic

al
ly

. I
t 

wo
ul

d 
be

 a
 g

oo
d 

id
ea

 t
o 

dr
aw

 t
he

 t
hi

rd
 e

xa
m

pl
e 

on
 t

he
 b

oa
rd

,

an
d 

as
k 

th
e 

le
ar

ne
rs

 if
 t

he
 la

m
ps

 a
re

 in
 s

er
ie

s 
or

 in
 p

ar
al

le
l.

(b
) W

h
at

 d
o 

yo
u

 n
ot

ic
e 

ab
ou

t 
th

e 
br

ig
h

tn
es

s 
of

 t
h

e 
la

m
p

s?

Bo
th

 b
ul

bs
 g

lo
w 

le
ss

 b
ri

gh
tl

y 
th

an
 t

he
 o

ne
 t

ha
t 

wa
s 

or
ig

in
al

ly
 o

n 
it

s 
ow

n.

3.
 

Se
t 

u
p

 t
h

e 
sa

m
e 

ci
rc

u
it

, b
u

t 
ad

d
 a

n
ot

h
er

 b
u

lb
 in

 s
er

ie
s 

w
it

h
 t

h
e 

fi
rs

t 
bu

lb
. 

(a
) D

ra
w

 a
 c

ir
cu

it
 d

ia
gr

am
 f

or
 t

h
is

 n
ew

 c
ir

cu
it

.

Ex
am

pl
es

 o
f 

co
rr

ec
t 

ci
rc

ui
t 

di
ag

ra
m

s:

(b
) W

ri
te

 w
h

at
 y

ou
 n

ot
ic

e 
ab

ou
t 

th
e 

la
m

p
s 

in
 t

h
is

 c
ir

cu
it

.

A
ll 

th
re

e 
la

m
ps

 g
lo

w 
le

ss
 b

ri
gh

tl
y 

th
an

 t
he

 t
wo

 la
m

ps
 in

 t
he

 p
re

vi
ou

s 
ci

rc
ui

t.

4.
 

W
ri

te
 d

ow
n

 y
ou

r 
co

n
cl

u
si

on
s 

ab
ou

t 
ch

an
gi

n
g 

th
e 

n
u

m
be

r 
of

 c
el

ls
 a

n
d

 t
h

e 
n

u
m

be
r 

of
 la

m
p

s 
in

 t
h

e 
ci

rc
u

it
.

A
dd

in
g 

an
 e

xt
ra

 la
m

p 
in

 s
er

ie
s 

to
 a

 c
ir

cu
it

 t
ha

t 
al

re
ad

y 
ha

s 
on

e 
or

 m
or

e 

la
m

ps
 c

on
ne

ct
ed

 in
 s

er
ie

s,
 r

es
ul

ts
 in

 a
ll 

th
e 

la
m

ps
 g

lo
wi

ng
 le

ss
 b

ri
gh

tl
y

(m
or

e 
di

m
ly

) t
ha

n 
be

fo
re

. E
xp

la
na

ti
on

: T
he

 e
le

ct
ri

ca
l e

ne
rg

y 
is

 b
ei

ng
 

sh
ar

ed
 b

et
we

en
 t

he
 t

hr
ee

 la
m

ps
, s

o 
ea

ch
 la

m
p 

ge
ts

 le
ss

 e
le

ct
ri

ca
l e

ne
rg

y.
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.3

 T
es

ti
ng

 v
ol

ta
ge

 a
nd

 c
ur

re
nt

 i
n 

ci
rc

ui
ts

 (
O

hm
’s

 L
aw

)

In
 t

h
is

 le
ss

on
, y

ou
 w

il
l i

n
ve

st
ig

at
e 

th
e 

re
la

ti
on

sh
ip

 
be

tw
ee

n
 t

h
e 

va
lu

es
 o

f 
th

e 
vo

lt
ag

e 
an

d
 t

h
e 

cu
rr

en
t 

in
 a

 
ci

rc
u

it
. Y

ou
 w

il
l n

ee
d

 t
o 

u
se

 a
 m

u
lt

i-
m

et
er

 t
h

at
 c

an
 b

e 
se

t 
to

 m
ea

su
re

 t
h

e 
vo

lt
ag

e,
 r

es
is

ta
n

ce
 o

r 
th

e 
cu

rr
en

t 
in

 
a 

ci
rc

u
it

. 
B

eg
in

 b
y 

re
ad

in
g 

th
e 

te
xt

 b
el

ow
 o

n
 h

ow
 t

o 
u

se
 a

 m
u

lt
i-

m
et

er
 c

or
re

ct
ly

. 

M
ea

su
ri

n
g 

re
si

st
an

ce
  

LB
 p

. 
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8

Id
en

ti
fy

 t
h

e 
se

ct
io

n
 la

be
ll

ed
 “

Ω
” 

on
 t

h
e 

m
u

lt
i-

m
et

er
 d

ia
l. 

• 
C

on
n

ec
t 

th
e 

re
d

 t
es

t 
le

ad
 t

o 
th

e 
“V

 Ω
 m

A
” 

te
rm

in
al

, a
n

d
 t

h
e 

bl
ac

k 
te

st
 le

ad
 t

o 
th

e 
“C

O
M

” 
te

rm
in

al
.

• 
A

d
ju

st
 t

h
e 

fu
n

ct
io

n
 s

el
ec

to
r 

sw
it

ch
 t

o 
th

e 
h

ig
h

es
t 

ra
n

ge
 in

 t
h

e 
se

ct
io

n
 la

be
ll

ed
 

“Ω
”.

 T
h

er
e 

ar
e 

d
if

fe
re

n
t 

re
si

st
an

ce
 r

an
ge

s 
on

 a
 m

u
lt

i-
m

et
er

, s
u

ch
 a

s 
20

0 
Ω

, 2
 k

Ω
, 

20
 k

Ω
, 2

00
 k

Ω
 a

n
d

 2
 M

Ω
.

• 
C

on
n

ec
t 

th
e 

en
d

s 
of

 t
h

e 
te

st
 le

ad
s 

ac
ro

ss
 t

h
e 

u
n

kn
ow

n
 r

es
is

to
r 

as
 s

h
ow

n
. 

En
su

re
 t

h
at

 t
h

e 
re

si
st

or
 is

 is
ol

at
ed

 f
ro

m
 a

n
y 

ot
h

er
 c

om
p

on
en

t 
or

 p
ow

er
 s

u
p

p
ly

.
• 

R
ea

d
 t

h
e 

re
si

st
an

ce
 v

al
u

e 
fr

om
 t

h
e 

d
is

p
la

y.
 I

f 
th

e 
d

is
p

la
ye

d
 v

al
u

e 
is

 z
er

o 
or

 
ve

ry
 s

m
al

l, 
fo

r 
ex

am
p

le
 0

,0
01

, t
h

en
 s

w
it

ch
 t

h
e 

fu
n

ct
io

n
 s

el
ec

to
r 

sw
it

ch
 t

o 
a 

lo
w

er
 r

es
is

ta
n

ce
 r

an
ge

. K
ee

p
 o

n
 s

w
it

ch
in

g 
to

 lo
w

er
 r

es
is

ta
n

ce
 r

an
ge

s 
u

n
ti

l t
h

e 
d

is
p

la
ye

d
 v

al
u

e 
is

 la
rg

er
 t

h
an

 1
. R

em
em

be
r 

th
at

 t
h

e 
d

is
p

la
ye

d
 v

al
u

e 
is

 f
or

 t
h

e 
u

n
it

s 
of

 m
ea

su
re

m
en

t 
in

d
ic

at
ed

 b
y 

th
e 

ra
n

ge
 y

ou
 s

el
ec

te
d

. I
t 

m
ay

 b
e 

Ω
, k

Ω
 

or
 M

Ω
. 

V:
 v

ol
ts

 (p
ot

en
tia

l)
A:

 a
m

ps
 (c

ur
re

nt
)

Ω
: o

hm
s 

(re
si

st
an

ce
)
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Id
en

ti
fy

 t
h

e 
se

ct
io

n
 la

be
ll

ed
 “

D
C

V
” 

on
 t

h
e 

m
u

lt
i-

m
et

er
 d

ia
l.

• 
C

on
n

ec
t 

th
e 

re
d

 t
es

t 
le

ad
 t

o 
th

e 
“V

 Ω
 m

A
” 

te
rm

in
al

, a
n

d
 t

h
e 

bl
ac

k 
te

st
 le

ad
 t

o 
th

e 
“C

O
M

” 
te

rm
in

al
.

• 
A

d
ju

st
 t

h
e 

ra
n

ge
 s

el
ec

to
r 

to
 t

h
e 

“D
C

V
”.

 
• 

Se
t 

th
e 

m
et

er
 o

n
 t

h
e 

h
ig

h
es

t 
ra

n
ge

.
• 

C
on

n
ec

t 
th

e 
ot

h
er

 e
n

d
s 

of
 t

h
e 

te
st

 le
ad

s 
p

ar
al

le
l a

cr
os

s 
th

e 
p

ar
t 

of
 t

h
e 

ci
rc

u
it

 
w

h
er

e 
th

e 
vo

lt
ag

e 
is

 t
o 

be
 m

ea
su

re
d

: r
ed

 t
es

t 
le

ad
 t

o 
p

os
it

iv
e 

(+
), 

an
d

 b
la

ck
 t

es
t 

le
ad

 t
o 

n
eg

at
iv

e 
(–

).
• 

R
ea

d
 t

h
e 

vo
lt

ag
e 

fr
om

 t
h

e 
d

is
p

la
y.

 Y
ou

 m
ay

 n
ee

d
 t

o 
ad

ju
st

 t
h

e 
fu

n
ct

io
n

 s
el

ec
to

r 
to

 c
h

oo
se

 a
 d

if
fe

re
n

t 
vo

lt
ag

e 
ra

n
ge

, s
o 

th
at

 t
h

e 
re

ad
in

g 
is

 d
is

p
la

ye
d

 p
ro

p
er

ly
 a

n
d

 
ac

cu
ra

te
ly

.

M
ea

su
ri

n
g 

cu
rr

en
t 

 
LB
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. 
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Id
en

ti
fy

 t
h

e 
se

ct
io

n
 la

be
ll

ed
 “

D
C

A
” 

on
 t

h
e 

m
u

lt
i-

m
et

er
 d

ia
l.

• 
C

on
n

ec
t 

th
e 

re
d

 t
es

t 
le

ad
 t

o 
th

e 
“V

 Ω
 m

A
” 

te
rm

in
al

 a
n

d
 t

h
e 

bl
ac

k 
te

st
 le

ad
 t

o 
th

e 
“C

O
M

” 
te

rm
in

al
. I

f 
th

e 
cu

rr
en

t 
to

 b
e 

m
ea

su
re

d
 is

 b
et

w
ee

n
 2

00
 m

A
 a

n
d

 1
0 

A
, 

co
n

n
ec

t 
th

e 
re

d
 t

es
t 

le
ad

 t
o 

th
e 

“1
0 

A
” 

te
rm

in
al

.
• 

A
d

ju
st

 t
h

e 
fu

n
ct

io
n

 s
el

ec
to

r 
to

 t
h

e 
“A

” 
(a

m
p

er
e)

 r
eg

io
n

. I
f 

yo
u

 a
re

 m
ea

su
ri

n
g 

an
 

u
n

kn
ow

n
 c

u
rr

en
t,

 s
ta

rt
 f

ro
m

 t
h

e 
h

ig
h

es
t 

ra
n

ge
, t

h
en

 a
d

ju
st

 t
o 

a 
p

ro
p

er
 lo

w
er

 
ra

n
ge

 f
or

 t
h

e 
be

st
 a

cc
u

ra
cy

.
• 

C
on

n
ec

t 
th

e 
ot

h
er

 e
n

d
s 

of
 t

h
e 

te
st

 le
ad

s 
in

 s
er
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u

ct
or

, h
ea

t 
is

 
ge

n
er

at
ed

. S
om

e 
m

et
al

s,
 s

u
ch

 a
s 

n
ic

ke
l a

n
d

 c
h

ro
m

e,
 

re
si

st
 t

h
e 

fl
ow

 o
f 

el
ec

tr
ic

it
y 

q
u

it
e 

st
ro

n
gl

y,
 a

n
d

 h
ea

t 
u

p
 w

h
en

 e
ve

n
 a

 s
m

al
l e

le
ct

ri
c 

cu
rr

en
t 

is
 f

or
ce

d
 t

o 
fl

ow
 

th
ro

u
gh

 it
. T

h
e 

h
ea

ti
n

g 
el

em
en

ts
 o

f 
st

ov
es

 a
n

d
 k

et
tl

es
 

ar
e 

n
or

m
al

ly
 m

ad
e 

of
 a

 m
ix

tu
re

 o
f 

n
ic

ke
l a

n
d

 c
h

ro
m

e.
 

W
h

en
 s

om
e 

m
et

al
s 

ge
t 

ex
tr

em
el

y 
h

ot
, t

h
ey

 e
m

it
 li

gh
t.

 
If

 t
h

e 
re

si
st

an
ce

 in
 a

 c
ir

cu
it

 is
 v

er
y 

lo
w

, f
or

 e
xa

m
p

le
 w

h
en

 t
h

e 
te

rm
in

al
s 

of
 a

 c
el

l 
ar

e 
co

n
n

ec
te

d
 w

it
h

 a
 p

ie
ce

 o
f 

th
ic

k 
co

p
p

er
 w

ir
e,

 t
h

e 
cu

rr
en

t 
w

il
l f

lo
w

 v
er

y 
st

ro
n

gl
y.

 
T

h
is

 is
 c

al
le

d
 a

 “
sh

or
t 

ci
rc

u
it

”.
 I

t 
ca

n
 r

es
u

lt
 in

 s
o 

m
u

ch
 h

ea
t 

be
in

g 
ge

n
er

at
ed

 t
h

at
 

d
am

ag
e 

is
 c

au
se

d
 t

o 
th

e 
ce

ll
 a

n
d

 o
th

er
 p

ar
ts

 o
f 

th
e 

ci
rc

u
it

, t
h

e 
co

n
d

u
ct

in
g 

w
ir

es
 

ca
n

 m
el

t 
an

d
 a

 f
ir

e 
ca

n
 s

ta
rt

.
B

y 
ad

d
in

g 
m

or
e 

re
si

st
an

ce
 t

o 
a 

ci
rc

u
it

, y
ou

 c
an

 c
on

tr
ol

 h
ow

 g
re

at
 t

h
e 

cu
rr

en
t 

is
 

th
at

 f
lo

w
s 

th
ro

u
gh

 t
h

e 
ci

rc
u

it
. I

n
 t

h
is

 w
ay

, y
ou

 c
an

 p
ro

te
ct

 t
h

e 
co

m
p

on
en

ts
 in

 a
 

ci
rc

u
it

 f
ro

m
 t

oo
 m

u
ch

 c
u

rr
en

t 
fl

ow
in

g 
th

ro
u

gh
 t

h
em

. I
n

cr
ea

si
n

g 
th

e 
re

si
st

an
ce

 a
ls

o 
m

ea
n

s 
th

e 
ce

ll
 o

r 
ba

tt
er

y 
p

ow
er

in
g 

th
e 

ci
rc

u
it

 w
il

l l
as

t 
lo

n
ge

r.
 Y

ou
 c

an
 a

d
d

 p
re

ci
se

 
am

ou
n

ts
 o

f 
re

si
st

an
ce

 b
y 

u
si

n
g 

re
si

st
or

s 
w

it
h

 t
h

e 
re

q
u

ir
ed

 r
es

is
ta

n
ce

 v
al

u
e.

 

To
 r

es
is

t s
om

et
hi

ng
 m

ea
ns

 
to

 tr
y 

pr
ev

en
t i

t. 
If 

yo
u 

si
t i

n 
a 

tre
e 

an
d 

th
e 

w
in

d 
bl

ow
s 

ha
rd

, 
yo

u 
ca

n 
re

si
st

 fa
llin

g 
do

w
n 

by
 

cl
in

gi
ng

 to
 th

e 
br

an
ch

es
.

To
 c

on
du

ct
 m

ea
ns

 to
 a

llo
w

 
so

m
et

hi
ng

 to
 p

as
s 

th
ro

ug
h.

W
he

n 
so

m
et

hi
ng

 e
m

its
 li

gh
t, 

it 
is

 a
 s

ou
rc

e 
of

 li
gh

t. 
A 

lig
ht

 
bu

lb
 is

 a
 s

ou
rc

e 
of

 li
gh

t, 
bu

t a
 

m
irr

or
 is

 n
ot

 a
 s

ou
rc

e 
of

 li
gh

t 
as

 it
 o

nl
y 

re
fle

ct
s 

lig
ht

.
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W
ha

t 
is

 a
 r

es
is

to
r?

A
 r

es
is

to
r 

is
 a

 s
p

ec
ia

ll
y 

d
es

ig
n

ed
 c

om
p

on
en

t 
th

at
 is

 n
or

m
al

ly
 u

se
d

 in
 a

 c
ir

cu
it

 
to

 li
m

it
 t

h
e 

cu
rr

en
t.

 R
es

is
to

rs
 a

re
 m

ad
e 

of
 m

at
er

ia
ls

 w
it

h
 a

 h
ig

h
 r

es
is

ta
n

ce
 t

o 
el

ec
tr

ic
it

y 
fl

ow
, a

n
d

 c
om

e 
in

 t
h

e 
fo

rm
 o

f 
th

in
 w

ir
es

 o
r 

fi
lm

s.
 R

es
is

to
rs

 a
ls

o 
h

av
e 

p
re

ci
se

 r
es

is
ta

n
ce

 v
al

u
es

 t
h

at
 d

on
’t

 c
h

an
ge

 m
u

ch
 in

 d
if

fe
re

n
t 

en
vi

ro
n

m
en

ta
l 

co
n

d
it

io
n

s.
T

h
e 

m
os

t 
co

m
m

on
ly

 u
se

d
 r

es
is

to
rs

 lo
ok

 li
ke

 t
u

be
s,

 w
it

h
 t

w
o 

w
ir

es
 t

o 
co

n
n

ec
t 

it
 t

o 
th

e 
ci

rc
u

it
. T

h
e 

sy
m

bo
l t

o 
sh

ow
 a

 r
es

is
to

r 
in

 a
 c

ir
cu

it
 d

ia
gr

am
 is

 a
n

 o
p

en
 

re
ct

an
gl

e 
or

 a
 z

ig
za

g 
li

n
e.

 

Fi
gu
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: A
 ty

pi
ca

l r
es

is
to

r 
 

 
 

Fi
gu

re
 4

: C
irc

ui
t s

ym
bo

ls
 fo

r r
es

is
to

rs

Lo
w

-v
al

u
e 

re
si

st
or

s 
of

te
n

 h
av

e 
th

ei
r 

re
si

st
an

ce
 

va
lu

e 
p

ri
n

te
d

 o
n

 t
h

em
 in

 n
u

m
be

rs
, w

h
il

e 
h

ig
h

-v
al

u
e 

re
si

st
or

s 
ar

e 
co

d
ed

, u
si

n
g 

co
lo

u
re

d
 b

an
d

s.
 T

h
e 

fi
rs

t 
th

re
e 

ba
n

d
s 

gi
ve

 t
h

e 
va

lu
e 

of
 t

h
e 

re
si

st
or

 in
 o

h
m

s.
 T

h
e 

co
lo

u
r-

co
d

e 
ch

ar
t 

on
 t

h
e 

se
co

n
d

 p
ag

e 
of

 t
h

is
 c

h
ap

te
r 

w
il

l h
el

p
 y

ou
 t

o 
w

or
k 

ou
t 

th
e 

re
si

st
an

ce
 v

al
u

e 
in

 o
h

m
s.

 
R

es
is

to
rs

 a
re

 t
h

e 
m

os
t 

co
m

m
on

ly
 u

se
d

 c
om

p
on

en
ts

 
in

 e
le

ct
ro

n
ic

s,
 a

s 
th

ey
 a

re
 u

se
fu

l t
o 

co
n

tr
ol

 c
u

rr
en

t.
 

Y
ou

 w
il

l s
ee

 h
ow

 t
h

ey
 a

re
 u

se
d

 in
 t

h
e 

fo
ll

ow
in

g 
w

ee
ks

. 

U
n

it
s 

of
 m

ea
su

re
m

en
t:

 o
h

m
s,

 k
il

o-
oh

m
s 

an
d

 m
eg

a-
oh

m
s

• 
1 

kΩ
 =

 1
 0

00
 Ω

 =
 1

03  
Ω

• 
1 

M
Ω

 =
 1

 0
00

 k
Ω

 =
 1

 0
00

 0
00

 Ω
 =

 1
06  

Ω

Th
e 

fo
ur

th
 b

an
d 

on
 a

 re
si

st
or

 
sh

ow
s 

th
e 

ac
cu

ra
cy

 r
at

in
g 

as
 a

 
pe

rc
en

ta
ge

. T
hi

s 
is

 a
ls

o 
ca

lle
d 

th
e 

“t
ol

er
an

ce
”.

 T
he

 b
an

d 
is

 
go

ld
 o

r 
si

lv
er

, d
ep

en
di

ng
 o

n 
th

e 
to

le
ra

nc
e.

 F
or

 th
e 

ci
rc

ui
ts

 
yo

u 
w

ill 
be

 b
ui

ld
in

g,
 th

is
 is

 n
ot

 
im

po
rt

an
t.

K
ilo

 m
ea

ns
 m

ul
tip

ly
 b

y 
a 

th
ou

sa
nd

, f
or

 e
xa

m
pl

e 
 

1 
km

 =
 1

 0
00

 ×
 1

 m
.

M
eg

a 
m

ea
ns

 m
ul

tip
ly

 b
y 

a 
m

illi
on

.
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W
or

k 
ou

t 
an

d
 w

ri
te

 d
ow

n
 t

h
e 

re
si

st
an

ce
 o

f 
ea

ch
 o

f 
th

es
e 

re
si

st
or

s:
(a

)  
 

(b
)

 
Fi

gu
re

 5
 

Fi
gu

re
 6

70
0 

Ω
  

  
  

  
  

  
  

  
  

  
  

  
  

  
   

   
1 

70
0 

kΩ

(c
) 

  
 

 
 

(d
)

 
Fi

gu
re

 7
 

Fi
gu

re
 8

7,
5 

kΩ
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

 4
3 

M
Ω

2.
 

C
op

y 
bl

an
k 

re
si

st
or

s 
w

it
h

 t
h

e 
ba

n
d

s 
in

to
 y

ou
r 

bo
ok

s.
 F

il
l i

n
 t

h
e 

co
lo

u
r 

co
d

es
 t

o 
sh

ow
 t

h
e 

gi
ve

n
 r

es
is

ta
n

ce
. I

f 
yo

u
 d

on
’t

 h
av

e 
co

lo
u

re
d

 p
en

ci
ls

 o
r 

p
en

s,
 w

ri
te

 t
h

e 
co

lo
u

r 
of

 e
ac

h
 b

an
d

 a
bo

ve
 it

.
(a

) 2
00

 k
Ω

  
 

 
 

 
(b

) 
30

0 
Ω

re
d,

 b
la

ck
, y

el
lo

w 
  

  
  

  
  

  
  

  
  

  
  

 o
ra

ng
e,

 b
la

ck
, b

ro
wn

 
Fi

gu
re

 9
  

 
 

 
 

Fi
gu

re
 1

0

3.
 

D
es

cr
ib

e 
th

e 
fu

n
ct

io
n

 o
f 

a 
re

si
st

or
 a

s 
a 

co
m

p
on

en
t 

in
 a

n
 e

le
ct

ri
ca

l c
ir

cu
it

. 

It
 r

ed
uc

es
 t

he
 c

ur
re

nt
 t

hr
ou

gh
 t

he
 c

ir
cu

it
, a

nd
 r

ed
uc

es
 t

he
 v

ol
ta

ge
 d

ro
p 

ac
ro

ss

ot
he

r 
ci

rc
ui

t 
co

m
po

ne
nt

s 
th

at
 a

re
 in

 s
er

ie
s 

wi
th

 t
he

 r
es

is
to

r.
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 O
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 L
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T
h

er
e 

is
 a

 s
p

ec
ia

l r
el

at
io

n
sh

ip
 b

et
w

ee
n

 t
h

e 
vo

lt
ag

e,
 

cu
rr

en
t,

 a
n

d
 r

es
is

ta
n

ce
 in

 a
n

y 
ci

rc
u

it
. Y

ou
 c

an
 c

on
tr

ol
 

an
y 

on
e 

of
 t

h
es

e 
th

re
e 

va
ri

ab
le

s 
by

 c
h

an
gi

n
g 

th
e 

ot
h

er
 

tw
o 

va
ri

ab
le

s.
 

O
h

m
’s

 L
aw

 s
ta

te
s 

th
at

 a
s 

vo
lt

ag
e 

in
cr

ea
se

s,
 t

h
e 

cu
rr

en
t 

in
cr

ea
se

s 
if

 t
h

e 
re

si
st

an
ce

 is
 c

on
st

an
t.

In
 t

h
e 

fo
rm

u
la

 f
or

 O
h

m
’s

 L
aw

:
• 

V
 is

 t
h

e 
p

ot
en

ti
al

 o
r 

vo
lt

ag
e 

d
if

fe
re

n
ce

 m
ea

su
re

d
 

in
 v

ol
ts

, 
• 

I 
is

 c
u

rr
en

t 
m

ea
su

re
d

 in
 a

m
p

s,
 a

n
d

• 
R

 is
 r

es
is

ta
n

ce
 m

ea
su

re
d

 in
 o

h
m

s.

Fi
gu

re
 1

1 
sh

ow
s 

th
is

 r
el

at
io

n
sh

ip
 in

 a
 f

or
m

u
la

 
tr

ia
n

gl
e.

 
W

h
en

 t
h

e 
vo

lt
ag

e 
an

d
 c

u
rr

en
t 

ar
e 

kn
ow

n
, t

h
e 

re
si

st
an

ce
 c

an
 b

e 
ca

lc
u

la
te

d
 w

it
h

: 

R
 =

 V I

W
h

en
 t

h
e 

re
si

st
an

ce
 a

n
d

 c
u

rr
en

t 
ar

e 
kn

ow
n

, t
h

e 
vo

lt
ag

e 
ca

n
 b

e 
ca

lc
u

la
te

d
 w

it
h

:
V

 =
 I

 ×
 R

W
h

en
 t

h
e 

re
si

st
an

ce
 a

n
d

 v
ol

ta
ge

 a
re

 k
n

ow
n

, t
h

e 
cu

rr
en

t 
ca

n
 b

e 
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lc
u

la
te

d
 w

it
h

:
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=
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in
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ig
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 1
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on

 t
h

e 
ri

gh
t:

1.
 

W
h

at
 d

oe
s 

O
h

m
’s

 L
aw

 s
ay

 w
il

l c
h

an
ge

 in
 a

 c
ir

cu
it

 
w

h
en

 t
h

e 
re

si
st

an
ce

 is
 k

ep
t 

co
n

st
an

t 
bu

t 
th

e 
n

u
m

be
r 

of
 c

el
ls

 in
 s

er
ie

s 
is

 in
cr

ea
se

d
?

Th
e 

cu
rr

en
t 

wi
ll 

in
cr

ea
se

 in
 d

ir
ec

t 
pr

op
or

ti
on

 t
o 

th
e 

nu
m

be
r 

of
 c

el
ls

.

A 
va

ri
ab

le
 is

 a
 q

ua
nt

ity
 th

at
 

ca
n 

ha
ve

 d
iff

er
en

t v
al

ue
s,

 
fo

r 
ex

am
pl

e 
th

e 
am

ou
nt

 o
f 

w
at

er
 in

 a
 ta

nk
. A

 c
on

st
an

t 
is

 a
 q

ua
nt

ity
 th

at
 a

lw
ay

s 
ha

s 
th

e 
sa

m
e 

va
lu

e,
 fo

r 
ex

am
pl

e 
gr

av
ita

tio
na

l a
cc

el
er

at
io

n.
 

So
m

et
im

es
 w

e 
ca

ll 
a 

qu
an

tit
y 

a 
co

ns
ta

nt
 b

ec
au

se
 w

e 
de

ci
de

 to
 

ke
ep

 it
 c

on
st

an
t.

Fi
gu
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1
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re
 1

2

2.
 

H
ow

 w
il

l t
h

e 
cu

rr
en

t 
ch

an
ge

 if
 t

h
e 

vo
lt

ag
e 

su
p

p
li

ed
 b

y 
th

e 
ba

tt
er

y 
of

 c
el

ls
 is

 
ke

p
t 

co
n

st
an

t 
bu

t 
th

e 
re

si
st

or
 is

 r
ep

la
ce

d
 b

y 
an

ot
h

er
 r

es
is

to
r 

w
it

h
 a

 lo
w

er
 

re
si

st
an

ce
?

Th
e 

cu
rr

en
t 

wi
ll 

in
cr

ea
se

.

3.
 

H
ow

 w
ou

ld
 y

ou
 d

es
cr

ib
e 

th
e 

re
la

ti
on

sh
ip

 b
et

w
ee

n
 t

h
e 

cu
rr

en
t 

an
d

 t
h

e 
vo

lt
ag

e 
in

 a
 c

ir
cu

it
?

Th
ey

 a
re

 in
 d

ir
ec

t 
pr

op
or

ti
on

 t
o 

ea
ch

 o
th

er
: w

he
n 

on
e 

ch
an

ge
s 

by
 a

 f
ac

to
r 

th
e

ot
he

r 
on

e 
ch

an
ge

s 
by

 t
he

 s
am

e 
fa

ct
or

 (f
or

 e
xa

m
pl

e,
 if

 o
ne

 is
 in

cr
ea

se
d 

to
 f

iv
e

an
d 

a 
ha

lf
 t

im
es

 it
s 

va
lu

e 
th

e 
ot

he
r 

wi
ll 

al
so

 in
cr

ea
se

 f
iv

e 
an

d 
a 

ha
lf

 t
im

es
. I

f

on
e 

is
 m

ad
e 

a 
th

ir
d 

of
 it

s 
va

lu
e,

 t
he

 o
th

er
 w

ill
 d

ec
re

as
e 

to
 a

 t
hi

rd
 o

f 
it

s

pr
ev

io
us

 v
al

ue
).

4.
 

W
h
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h

 o
f 

th
es

e 
ch

an
ge

s 
w

il
l c

au
se
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h

e 
cu

rr
en

t 
th

ro
u

gh
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 c
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 d
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 c
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le

ar
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r 
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y 
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• 
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e 
id

ea
: m
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 c

ho
os

in
g 
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 c
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 d
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 d
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 c
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 b
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 m
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 d
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 d
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 m
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l d
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 d
es

ig
n?

• 
 O

nl
y 

rig
ht

 a
t t

he
 e

nd
, t

he
 te

am
 m

ay
 h
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 c
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 d

es
ig

ns
.

M
ak

e 
in

di
vi

du
al

ly
: 

2D
 W

or
ki

ng
 d

ra
w

in
g 

an
d 

3D
 d

ra
w

in
gs

 o
f 

yo
ur

 
de

si
gn

 
(6

0 
m

in
ut

es
)

It 
is

 u
nl

ik
el

y 
th

at
 le

ar
ne

rs
 w

ill 
dr

aw
 a

 d
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 m
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l p
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, d
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t b
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 m
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 d
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 m
ak

e 
m

an
y 

ch
an

ge
s 

to
 th

ei
r 

de
si

gn
s 

w
hi

le
 th
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 b
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 b

e 
ab

le
 to

 s
ee

 w
ha

t t
he

y 
ar

e 
dr

aw
in

g.
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 m
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 c
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 m
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 d
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 c
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 o
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 m
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e 
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d 
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g 
m
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Le
ar

ne
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d 
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t c
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g 

m
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s 
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s 
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a 
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 b
el

ow
 is

 ju
st

 s
om
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k 
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e 
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 b
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w
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be
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 p
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 c
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 c
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w

s 
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e 
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s
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 d
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 p
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tin

g 
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t c
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d 
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s
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w
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• 
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 p
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ic
 s
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d 
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r 
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 p
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m
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ei
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 a
n 
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 c
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l c
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e 
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e 
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m
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w
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h.
 H
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 d
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w
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l c
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e 
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g 
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 p
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s 
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rr
en
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m
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w
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d 
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d 
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e 

va
rio
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t b
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w
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w

ire
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u 
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 c
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fie
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 p
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so

le
no

id
? 

Th
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el
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 p
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 m
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 c
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 p
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 c
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th

e 
co

n
d
u
ct

in
g 

st
ri

p
 p

u
sh

es
 t

h
e 

n
ai

l u
p
.

n
o 

cu
rr

en
t 

h
er

e
cu

rr
en

t

current

curre
nt

cu
rr

en
t

cu
rr

en
t

Th
e 

co
n
d
u
ct

in
g 

st
ri

p
 la

tc
h
es

 o
n
 t

h
e 

h
ea

d
 

of
 t

h
e 

n
ai

l. 
Th

e 
ci

rc
u
it
 is

 c
om

p
le

te
.

Th
e 

ke
tt

le
 t

em
p
er

at
u
re

 r
is

es
 u

n
ti
l t

h
e 

co
n
tr

ol
 c

ir
cu

it
 a

ct
iv

at
es

 t
h
e 

so
le

n
oi

d
 

to
 b

re
ak

 t
h
e 

ci
rc

u
it
.

Fi
gu

re
 I:

 W
ha

t h
ap

pe
ns

 
w

he
n 

a 
ha

nd
 p

re
ss

es
 th

e 
sw

itc
h 

do
w

n?

C
H

A
PT

ER
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6 
PA

T:
 E

LE
C

TR
O

N
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 S
Y
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EM

S 
A

N
D
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O

N
TR

O
L
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5



25
7

C
H

A
PT

ER
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6 
PA

T:
 E
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C

TR
O

N
IC

 S
Y

ST
EM

S 
 

   
   

  A
N

D
 C

O
N

TR
O

L 
TE

C
H

N
O

LO
G

Y
 G

R
A

D
E 

9 
TE

R
M

 3
25

6Lo
ok

 a
t t

he
 c

irc
ui

t d
ia

gr
am

 fo
r 

th
e 

fir
e 

al
ar

m
 o

n 
 

pa
ge

 1
91

 (t
hi

s 
an

sw
er

 d
ra

w
in

g 
is

 o
nl

y 
sh

ow
n 

in
  

th
e 

Te
ac

he
r 

G
ui

de
). 

Th
is

 c
irc

ui
t d

ia
gr

am
 is

 p
rin

te
d 

 
ag

ai
n 

on
 th

e 
rig

ht
.

Th
e 

N
TC

 th
er

m
is

to
r’s

 re
si

st
an

ce
 d

ec
re

as
es

 a
s 

 
it 

he
at

s 
up

, a
nd

 s
o 

th
e 

po
te

nt
ia

l d
iff

er
en

ce
 a

cr
os

s 
 

it 
de

cr
ea

se
s 

as
 w

el
l. 

As
 y

ou
 k

no
w,

 th
e 

po
te

nt
ia

l  
di

ffe
re

nc
es

 a
cr

os
s 

a 
ch

ai
n 

of
 re

si
st

or
s 

in
 s

er
ie

s 
 

ad
d 

up
 to

 th
e 

po
te

nt
ia

l d
iff

er
en

ce
 a

cr
os

s 
th

e 
en

ds
  

of
 th

e 
ch

ai
n.

 S
o 

if 
th

e 
po

te
nt

ia
l d

iff
er

en
ce

 a
cr

os
s 

 
th

e 
th

er
m

is
to

r 
de

cr
ea

se
s,

 th
en

 th
e 

po
te

nt
ia

l  
di

ffe
re

nc
es

 a
cr

os
s 

ea
ch

 o
f t

he
 o

th
er

 re
si

st
or

s 
 

in
 th

e 
ch

ai
n,

 n
am

el
y 

R 1 a
nd

 R
2, 

in
cr

ea
se

s.
 

Th
e 

po
te

nt
ia

l d
iff

er
en

ce
 a

cr
os

s 
R 2 i

s 
th

e 
sa

m
e 

as
 th

e 
 

po
te

nt
ia

l d
iff

er
en

ce
 b

et
w

ee
n 

th
e 

po
in

ts
 “

a”
 a

nd
 “

e”
 o

n 
 

th
e 

ci
rc

ui
t d

ia
gr

am
, b

ec
au

se
 th

ey
 a

re
 p

ar
al

le
l p

ar
ts

 o
f t

he
 c

irc
ui

t. 
So

 if
 th

e 
po

te
nt

ia
l d

iff
er

en
ce

 
ac

ro
ss

 R
2 i

nc
re

as
es

, t
he

n 
th

e 
po

te
nt

ia
l d

iff
er

en
ce

 b
et

w
ee

n 
“b

” 
(th

e 
ba

se
 o

f t
he

 tr
an

si
st

or
) a

nd
 

“e
” 

(th
e 

em
itt

er
 o

f t
he

 tr
an

si
st

or
) a

ls
o 

in
cr

ea
se

s.
 T

ha
t m

ea
ns

 th
at

 th
e 

cu
rr

en
t b

et
w

ee
n 

“b
” 

an
d 

“e
” 

in
cr

ea
se

s.
 W

he
n 

th
e 

cu
rr

en
t b

et
w

ee
n 

“b
” 

an
d 

“e
” 

be
co

m
es

 la
rg

er
 th

an
 s

om
e 

cr
iti

ca
l v

al
ue

, 
th

e 
re

si
st

an
ce

 b
et

w
ee

n 
th

e 
tr

an
si

st
or

’s 
co

lle
ct

or
 (“

c”
) a

nd
 e

m
itt

er
 (“

e”
) s

ud
de

nl
y 

de
cr

ea
se

s 
by

 
a 

la
rg

e 
am

ou
nt

. T
he

n 
a 

st
ro

ng
 e

no
ug

h 
cu

rr
en

t c
an

 fl
ow

 th
ro

ug
h 

th
e 

ou
tp

ut
 c

om
po

ne
nt

 –
 th

e 
so

le
no

id
 (i

n 
Fi

gu
re

 J
, t

he
 o

ut
pu

t d
ev

ic
e 

is
 a

 b
uz

ze
r 

ra
th

er
 th

an
 a

 s
ol

en
oi

d)
.

W
ee

k
 1

Si
tu

at
io

ns
 w

he
re

 e
le

ct
ro

ni
c 

ci
rc

ui
ts

 c
on

tr
ol

 e
le

ct
ri

c 
ci

rc
ui

ts
 

(3
0 

m
in

ut
es

)

T
h

er
e 

ar
e 

m
an

y 
h

ou
se

h
ol

d
 a

p
p

li
an

ce
s 

th
at

 u
se

 
el

ec
tr

on
ic

 c
ir

cu
it

s 
to

 c
on

tr
ol

 e
le

ct
ri

c 
ci

rc
u

it
s 

w
it

h
 

bi
gg

er
 c

u
rr

en
ts

.
T

h
e 

fo
ll

ow
in

g 
tw

o 
d

ev
ic

es
 a

re
 u

se
d

 in
si

d
e 

th
e 

el
ec

tr
ic

 s
w

it
ch

bo
ar

d
 (o

r 
d

is
tr

ib
u

ti
on

 b
oa

rd
) o

f 
ev

er
y 

bu
il

d
in

g 
th

at
 is

 c
on

n
ec

te
d

 w
it

h
 e

le
ct

ri
ci

ty
 in

 a
 s

af
e 

w
ay

.

• 
O

rd
in

ar
y 

ci
rc

u
it

 b
re

ak
er

s:
  

Sh
u

ts
 o

ff
 a

 c
ir

cu
it

 (f
or

 e
xa

m
p

le
, t

h
e 

ci
rc

u
it

 s
u

p
p

ly
in

g 
al

l t
h

e 
li

gh
ts

 in
 a

 h
ou

se
) 

w
h

en
 t

h
e 

cu
rr

en
t 

be
co

m
es

 t
oo

 b
ig

 (i
f 

th
e 

cu
rr

en
t 

is
 t

oo
 b

ig
 f

or
 t

h
e 

th
ic

kn
es

s 
of

 
w

ir
e 

u
se

d
, t

h
e 

w
ir

e 
w

il
l o

ve
rh

ea
t)

.

• 
R

es
id

u
al

-c
u

rr
en

t 
ci

rc
u

it
 b

re
ak

er
s:

  
Sw

it
ch

es
 o

ff
 t

h
e 

m
ai

n
 p

ow
er

 s
u

p
p

ly
 if

 it
 d

et
ec

ts
 a

 le
ak

ag
e 

of
 p

ow
er

, s
u

ch
 a

s 
w

h
en

 a
 p

er
so

n
 a

cc
id

en
ta

ll
y 

to
u

ch
es

 a
 “

li
ve

” 
el

ec
tr

ic
al

 w
ir

e 
or

 c
on

ta
ct

 a
n

d
 t

h
e 

el
ec

tr
ic

it
y 

is
 t

h
en

 c
on

d
u

ct
ed

 t
h

ro
u

gh
 h

is
 o

r 
h

er
 b

od
y.

 T
h

is
 d

ev
ic

e 
h

as
 t

o 
cu

t 
th

e 
cu

rr
en

t 
ve

ry
 q

u
ic

kl
y,

 o
th

er
w

is
e 

th
e 

p
er

so
n

 c
an

 d
ie

 d
u

e 
to

 e
le

ct
ri

c 
sh

oc
k.

 
T

h
er

ef
or

e,
 it

 s
w

it
ch

es
 o

ff
 t

h
e 

p
ow

er
 e

ve
n

 w
h

en
 it

 d
et

ec
ts

 o
n

ly
 a

 s
m

al
l a

m
ou

n
t 

of
 le

ak
ag

e 
of

 e
le

ct
ri

ca
l c

u
rr

en
t.

Fi
gu

re
 2

: A
n 

el
ec

tri
ca

l d
is

tri
bu

tio
n 

bo
ar

d 
w

ith
 c

irc
ui

t b
re

ak
er

s

An
 e

le
ct

ro
ni

c 
ci

rc
ui

t i
s 

di
ffe

re
nt

 fr
om

 a
n 

el
ec

tr
ic

 c
irc

ui
t 

be
ca

us
e 

it 
on

ly
 u

se
s 

a 
ve

ry
 

sm
al

l c
ur

re
nt

, a
nd

 b
ec

au
se

 it
 

us
es

 e
le

ct
ro

ni
c 

co
nt

ro
l d

ev
ic

es
 

su
ch

 a
s 

th
er

m
is

to
rs

, L
DR

s,
 

di
od

es
 a

nd
 tr

an
si

st
or

s.

Fi
gu

re
 1

: M
an

y 
ev

er
yd

ay
 d

ev
ic

es
 u

se
 

el
ec

tro
ni

c 
co

nt
ro

l c
irc

ui
ts

.

Fi
gu

re
 J

: A
 c

irc
ui

t d
ia

gr
am

 s
ho

w
in

g 
th

e 
di

ffe
re

nt
 c

om
po

ne
nt

s 
in

 a
 fi

re
 a

la
rm
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T
h

e 
fo

ll
ow

in
g 

h
ou

se
h

ol
d

 a
p

p
li

an
ce

s 
u

se
 e

le
ct

ro
n

ic
 c

ir
cu

it
s 

to
 c

on
tr

ol
 t

h
em

:
• 

ov
en

s:
 t

o 
co

n
tr

ol
 t

h
e 

te
m

p
er

at
u

re
,

• 
ra

d
io

s 
an

d
 o

th
er

 m
u

si
c 

ap
p

li
an

ce
s:

 t
o 

co
n

tr
ol

 t
h

e 
vo

lu
m

e 
of

 t
h

e 
sp

ea
ke

rs
,

• 
so

m
e 

en
er

gy
-s

av
in

g 
li

gh
ts

: t
o 

sw
it

ch
 o

ff
 a

u
to

m
at

ic
al

ly
 w

h
en

 t
h

er
e 

is
 e

n
ou

gh
 

n
at

u
ra

l l
ig

h
t,

 a
n

d
• 

k
et

tl
es

: t
o 

sw
it

ch
 o

ff
 w

h
en

 t
h

e 
w

at
er

 b
oi

ls
.

1.
 

G
iv

e 
tw

o 
ex

am
p

le
s 

of
 s

it
u

at
io

n
s 

or
 a

p
p

li
ca

ti
on

s 
w

h
er

e 
el

ec
tr

ic
al

 c
ir

cu
it

s 
ar

e 
u

se
d

. 
 

[1
]

A
 f

ew
 e

xa
m

pl
es

:

st
ov

e 
pl

at
es

; e
le

ct
ri

ca
l h

ea
te

rs
 a

nd
 h

ai
r 

dr
ye

rs
; f

an
s 

an
d 

ai
r-

co
nd

it
io

ne
rs

;

lig
ht

s;
 h

ot
-w

at
er

 t
an

ks
 (g

ey
se

rs
); 

st
ar

te
r 

m
ot

or
 o

f 
a 

ca
r;

 s
pa

rk
 p

lu
gs

 o
f 

a 
ca

r

en
gi

ne
, e

tc
.

2.
 

G
iv

e 
tw

o 
ex

am
p

le
s 

of
 s

it
u

at
io

n
s 

or
 a

p
p

li
ca

ti
on

s 
w

h
er

e 
el

ec
tr

on
ic

 c
ir

cu
it

s 
ar

e 
u

se
d

. 
[1

]

A
 f

ew
 e

xa
m

pl
es

:

ca
lc

ul
at

or
; r

em
ot

e 
co

nt
ro

l; 
co

m
pu

te
r;

 c
el

l p
ho

ne

3.
 

G
iv

e 
th

re
e 

ex
am

p
le

s 
of

 s
it

u
at

io
n

s 
or

 a
p

p
li

ca
ti

on
s 

w
h

er
e 

el
ec

tr
on

ic
 c

ir
cu

it
s 

an
d

 e
le

ct
ri

c 
ci

rc
u

it
s 

ar
e 

u
se

d
 t

og
et

h
er

. 
[3

]

A
 f

ew
 e

xa
m

pl
es

:

ce
ll 

ph
on

e 
ch

ar
ge

r;
 a

ut
om

at
ic

 c
ar

 g
at

e;
 r

es
id

ua
l-c

ur
re

nt
 c

ir
cu

it
 b

re
ak

er

[T
ot

al
: 5

]

In
ve

st
ig

at
e:

 A
 c

ir
cu

it
 w

it
h 

an
 i

np
ut

 s
en

so
r,

 c
on

tr
ol

 k
no

b,
 

tr
an

si
st

or
 a

nd
 o

ut
pu

t 
de

vi
ce

 
(1

5 
m

in
ut

es
)

A
 s

en
so

r 
is

 a
 c

on
tr

ol
 d

ev
ic

e 
th

at
 c

an
 h

av
e 

a 
va

ri
ab

le
 

ef
fe

ct
. A

 s
w

it
ch

 c
an

 o
n

ly
 b

e 
op

en
 (i

n
fi

n
it

el
y 

la
rg

e 
re

si
st

an
ce

) o
r 

cl
os

ed
 (z

er
o 

re
si

st
an

ce
), 

so
 a

 s
w

it
ch

 is
 

n
ot

 a
 s

en
so

r.
 D

ev
ic

es
 s

u
ch

 a
s 

th
er

m
is

to
rs

 a
n

d
 L

D
R

s 
ca

n
 h

av
e 

d
if

fe
re

n
t 

re
si

st
an

ce
s,

 d
ep

en
d

in
g 

on
 t

h
e 

te
m

p
er

at
u

re
 o

r 
am

ou
n

t 
of

 li
gh

t.
 T

h
ey

 c
an

 t
h

er
ef

or
e 

be
 u

se
d

 a
s 

se
n

so
rs

. A
 d

ev
ic

e 
th

at
 c

an
 g

en
er

at
e 

a 
vo

lt
ag

e,
 s

u
ch

 a
s 

a 
p

h
ot

ov
ol

ta
ic

 c
el

l, 
ca

n
 a

ls
o 

be
 u

se
d

 
as

 a
 s

en
so

r.
 A

 s
en

so
r 

“s
en

se
s”

 s
om

et
h

in
g 

su
ch

 a
s 

te
m

p
er

at
u

re
, o

r 
li

gh
t,

 ju
st

 a
s 

yo
u

r 
bo

d
y’

s 
se

n
se

s 
d

o.
 

A
 v

ar
ia

bl
e 

re
si

st
or

 is
 a

ls
o 

a 
co

n
tr

ol
 d

ev
ic

e,
 b

u
t 

it
 is

 
n

ot
 a

 s
en

so
r,

 b
ec

au
se

 it
 is

 a
 d

ev
ic

e 
fo

r 
w

h
ic

h
 t

h
e 

u
se

r 
ca

n
 s

et
 t

h
e 

re
si

st
an

ce
. 

T
h

e 
ci

rc
u

it
 f

or
 t

h
e 

fi
re

 a
la

rm
 t

h
at

 y
ou

 b
u

il
t 

in
 

C
h

ap
te

r 
15

 c
an

 b
e 

u
se

d
 f

or
 d

if
fe

re
n

t 
ap

p
li

ca
ti

on
s 

w
h

er
e 

a 
sm

al
l i

n
p

u
t 

cu
rr

en
t 

fr
om

 a
n

 in
p

u
t 

se
n

so
r 

h
as

 t
o 

sw
it

ch
 o

n
 a

 c
ir

cu
it

 w
it

h
 a

 la
rg

er
 c

u
rr

en
t 

fo
r 

an
 

ou
tp

u
t 

d
ev

ic
e.

 T
h

er
e 

is
 a

ls
o 

a 
va

ri
ab

le
 r

es
is

to
r 

so
 

th
at

 t
h

e 
u

se
r 

ca
n

 d
et

er
m

in
e 

at
 w

h
at

 le
ve

l o
f 

li
gh

t 
or

 
te

m
p

er
at

u
re

 (f
or

 e
xa

m
p

le
) t

h
e 

ou
tp

u
t 

d
ev

ic
e 

sh
ou

ld
 

be
 s

w
it

ch
ed

 o
n

 o
r 

of
f.

 

Fi
gu

re
 4

: T
he

 c
on

tro
l c

irc
ui

t t
ha

t y
ou

 b
ui

lt 
in

 C
ha

pt
er

 1
5 

fo
r a

 fi
re

 a
la

rm

Fi
gu

re
 3

: T
he

 c
on

tro
l k

no
b 

of
 a

 
st

ov
e 

pl
at

e 
is

 c
on

ne
ct

ed
 to

 a
 

va
ria

bl
e 

re
si

st
or

. T
hi

s 
co

nt
ro

ls
 

th
e 

cu
rr

en
t t

hr
ou

gh
 th

e 
he

at
in

g 
el

em
en

t. 
Th

e 
bi

gg
er

 th
e 

cu
rr

en
t, 

th
e 

ho
tte

r t
he

 p
la

te
 w

ill 
be

.
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1.
 

N
am

e 
th

re
e 

in
p

u
t 

co
m

p
on

en
ts

 t
h

at
 y

ou
 k

n
ow

 o
f.

a 
sw

it
ch

; N
TC

 o
r 

PT
C 

th
er

m
is

to
r;

 L
D

R;
 v

ar
ia

bl
e 

re
si

st
or

2.
 

N
am

e 
th

re
e 

ou
tp

u
t 

d
ev

ic
es

 t
h

at
 y

ou
 k

n
ow

 o
f.

a 
la

m
p/

LE
D

; b
uz

ze
r/

be
ep

er
; e

le
ct

ri
c 

m
ot

or

3.
 

N
am

e 
a 

d
ev

ic
e 

th
at

 u
se

s 
a 

co
n

tr
ol

 k
n

ob
 t

o 
se

t 
th

e 
le

ve
l o

f 
so

m
et

h
in

g.

A
 r

ad
io

 h
as

 a
 c

on
tr

ol
 k

no
b 

to
 s

et
 t

he
 v

ol
um

e.

D
es

ig
n 

br
ie

f 
an

d 
in

it
ia

l 
sk

et
ch

es
 

(7
5 

m
in

ut
es

)

Th
e 

sc
en

ar
io

 f
or

 t
he

 P
A

T

A
 k

et
tl

e 
u

se
s 

el
ec

tr
ic

it
y 

at
 a

 r
at

e 
30

 t
im

es
 

h
ig

h
er

 t
h

an
 a

 n
or

m
al

 li
gh

t 
bu

lb
. A

 lo
t 

of
 

el
ec

tr
ic

it
y 

ca
n

 b
e 

sa
ve

d
 if

 a
 k

et
tl

e 
is

 u
se

d
 m

or
e 

ef
fe

ct
iv

el
y.

 
If

 a
 k

et
tl

e 
ke

ep
s 

bo
il

in
g 

w
it

h
ou

t 
be

in
g 

sw
it

ch
ed

 o
ff

, i
t 

u
se

s 
el

ec
tr

ic
it

y 
u

n
n

ec
es

sa
ri

ly
. 

T
h

is
 le

ad
s 

to
 a

 w
as

te
 o

f 
el

ec
tr

ic
it

y.
If

 y
ou

 d
ri

n
k 

yo
u

r 
te

a 
or

 c
of

fe
e 

w
it

h
ou

t 
co

ld
 

m
il

k,
 y

ou
 d

o 
n

ot
 w

an
t 

bo
il

in
g 

h
ot

 w
at

er
 

(1
00

 °
C

), 
si

n
ce

 it
 w

il
l b

u
rn

 y
ou

. S
o 

it
 is

 a
 w

as
te

 
of

 e
le

ct
ri

ci
ty

 a
n

d
 t

im
e 

to
 b

ri
n

g 
th

e 
w

at
er

 t
o 

bo
il

in
g 

p
oi

n
t 

(1
00

 °
C

). 
M

os
t 

of
 t

h
e 

ti
m

e,
 a

 k
et

tl
e 

on
ly

 n
ee

d
s 

to
 h

ea
t 

w
at

er
 t

o 
a 

te
m

p
er

at
u

re
 o

f 
ab

ou
t 

75
 °

C
. I

f 
th

e 
ke

tt
le

 k
ee

p
s 

h
ea

ti
n

g 
th

e 
w

at
er

 t
o 

a 
te

m
p

er
at

u
re

 o
f 

10
0 

°C
, i

t 
is

 a
 w

as
te

 o
f 

el
ec

tr
ic

it
y.

Y
ou

 w
il

l d
es

ig
n

 a
n

d
 m

ak
e 

an
 “

en
er

gy
-

sa
vi

n
g 

sw
it

ch
” 

fo
r 

a 
ke

tt
le

. T
h

e 
sw

it
ch

 w
il

l b
e 

co
n

tr
ol

le
d

 b
y 

an
 e

le
ct

ro
n

ic
 c

ir
cu

it
 s

o 
th

at
 t

h
e 

ke
tt

le
 w

il
l a

u
to

m
at

ic
al

ly
 s

w
it

ch
 o

ff
 w

h
en

 t
h

e 
w

at
er

 r
ea

ch
es

 t
h

e 
re

q
u

ir
ed

 t
em

p
er

at
u

re
. T

h
e 

el
ec

tr
on

ic
 c

ir
cu

it
 w

il
l h

av
e 

a 
va

ri
ab

le
 r

es
is

to
r 

so
 t

h
at

 t
h

e 
te

m
p

er
at

u
re

 a
t 

w
h

ic
h

 t
h

e 
ke

tt
le

 w
il

l 
au

to
m

at
ic

al
ly

 s
w

it
ch

 o
ff

 c
an

 b
e 

se
t 

by
 t

h
e 

u
se

r.
Fi

gu
re

 5

T
h

e 
d

ra
w

in
gs

 b
el

ow
 s

h
ow

 h
ow

 a
n

 e
le

ct
ri

c 
d

oo
r 

lo
ck

 w
or

ks
. T

h
is

 m
ay

 g
iv

e 
yo

u
 

u
se

fu
l i

d
ea

s 
fo

r 
yo

u
r 

d
es

ig
n

 o
f 

an
 e

n
er

gy
-s

av
in

g 
ke

tt
le

 s
w

it
ch

.

Fi
gu

re
 6

: A
n 

el
ec

tri
c 

do
or

 lo
ck

Lo
ok

 a
t 

th
e 

br
ow

n
 p

ar
t 

on
 t

h
e 

ri
gh

t-
h

an
d

 s
id

e 
of

 t
h

e 
lo

ck
 m

ec
h

an
is

m
 a

bo
ve

. T
h

is
 is

 
th

e 
p

ar
t 

th
at

 m
ov

es
 in

 o
r 

ou
t 

to
 o

p
en

 o
r 

lo
ck

 t
h

e 
d

oo
r. 

T
h

is
 p

ar
t 

is
 c

al
le

d
 a

 “
la

tc
h

”.

Fi
gu

re
 7

: A
 3

D 
as

se
m

bl
y 

dr
aw

in
g 

of
 th

e 
pa

rt
s 

in
si

de
 a

n 
el

ec
tri

c 
do

or
 lo

ck

D
es

ig
n

 b
ri

ef
1.

 
W

h
at

 is
 t

h
e 

p
u

rp
os

e 
of

 t
h

e 
sw

it
ch

 y
ou

 w
il

l b
e 

d
es

ig
n

in
g?

 
 

H
in

t:
 T

h
in

k 
ab

ou
t 

h
ow

 e
as

y 
it

 is
 f

or
 p

eo
p

le
 t

o 
d

o 
th

in
gs

, t
h

e 
im

p
ac

t 
on

 t
h

e 
en

vi
ro

n
m

en
t,

 a
n

d
 c

os
ts

 in
vo

lv
ed

. 
[2

]

Th
e 

sw
it

ch
 s

ho
ul

d 
m

ak
e 

it
 p

os
si

bl
e 

fo
r 

pe
op

le
 t

o 
he

at
 w

at
er

 in
 a

 k
et

tl
e 

wi
th

ou
t

ha
vi

ng
 t

o 
sw

it
ch

 o
ff

 t
he

 k
et

tl
e 

th
em

se
lv

es
.

Th
e 

sw
it

ch
 s

ho
ul

d 
au

to
m

at
ic

al
ly

 s
wi

tc
h 

of
f 

wh
en

 t
he

 r
eq

ui
re

d 
te

m
pe

ra
tu

re
 is

re
ac

he
d,

 s
o 

th
at

 n
o 

el
ec

tr
ic

al
 e

ne
rg

y 
is

 w
as

te
d 

un
ne

ce
ss

ar
ily

. T
hi

s 
wi

ll 
m

ea
n 

le
ss

el
ec

tr
ic

it
y 

ne
ed

s 
to

 b
e 

ge
ne

ra
te

d,
 s

o 
th

er
e 

wi
ll 

be
 le

ss
 n

eg
at

iv
e 

en
vi

ro
nm

en
ta

l
ef

fe
ct

s 
fr

om
 p

ow
er

 s
ta

ti
on

s 
an

d 
co

al
 m

in
s.

 A
ls

o,
 p

eo
pl

e 
wi

ll 
sa

ve
 m

on
ey

, a
s 

th
ey

 
wi

ll 
no

t 
ha

ve
 t

o 
pa

y 
fo

r 
th

e 
ex

tr
a 

el
ec

tr
ic

it
y.

LB
 p

ag
e 

20
3

LB
 p

ag
e 

20
4



TE
C

H
N

O
LO

G
Y

 G
R

A
D

E 
9 

TE
R

M
 3

26
2

26
3

C
H

A
PT

ER
 1

6 
PA

T:
 E

LE
C

TR
O

N
IC

 S
Y

ST
EM

S 
 

   
   

  A
N

D
 C

O
N

TR
O

L 

S
p

ec
if

ic
at

io
n

s
2.

 
W

h
at

 p
ar

ts
 s

h
ou

ld
 t

h
e 

d
ev

ic
e 

h
av

e 
w

h
er

e 
th

e 
u

se
r 

m
u

st
 p

re
ss

 o
r 

tu
rn

 
so

m
et

h
in

g 
by

 h
an

d
? 

[1
]

Th
e 

sw
it

ch
 s

ho
ul

d 
ha

ve
 a

 le
ve

r 
th

at
 y

ou
 p

re
ss

 d
ow

n 
to

 t
ur

n 
th

e 
ke

tt
le

 o
n.

 T
he

sw
it

ch
 s

ho
ul

d 
ha

ve
 a

 s
pr

in
g 

ag
ai

ns
t 

wh
ic

h 
yo

u 
m

us
t 

pr
es

s 
to

 t
ur

n 
th

e 
ke

tt
le

 o
n.

Th
e 

ke
tt

le
 s

ho
ul

d 
al

so
 h

av
e 

a 
kn

ob
 w

he
re

 y
ou

 c
an

 s
et

 t
he

 t
em

pe
ra

tu
re

 o
f 

th
e

wa
te

r 
at

 w
hi

ch
 t

he
 s

wi
tc

h 
wi

ll 
au

to
m

at
ic

al
ly

 t
ur

n 
th

e 
ke

tt
le

 o
ff

.

3.
 

A
re

 t
h

er
e 

p
ar

t(
s)

 o
f 

th
e 

d
ev

ic
e 

th
at

 w
ou

ld
 s

om
et

im
es

 b
e 

m
ov

ed
 b

y 
th

e 
u

se
r,

 
an

d
 o

th
er

 t
im

es
 b

e 
m

ov
ed

 a
u

to
m

at
ic

al
ly

? 
[1

]

Ye
s.

 T
he

 s
wi

tc
h 

le
ve

r 
wi

ll 
be

 m
ov

ed
 d

ow
n 

by
 t

he
 u

se
r 

to
 s

wi
tc

h 
th

e 
ke

tt
le

 o
n,

bu
t 

it
 w

ill
 b

e 
m

ov
ed

 u
p 

au
to

m
at

ic
al

ly
 b

y 
so

m
et

hi
ng

 in
si

de
 t

he
 s

wi
tc

h 
to

 s
wi

tc
h

th
e 

ke
tt

le
 o

ff
 w

he
n 

th
e 

wa
te

r 
re

ac
he

s 
th

e 
re

qu
ir

ed
 t

em
pe

ra
tu

re
.

4.
 

H
ow

 s
h

ou
ld

 t
h

e 
m

ov
in

g 
p

ar
ts

 o
f 

yo
u

r 
sw

it
ch

 w
or

k?
 F

or
 e

xa
m

p
le

, w
h

at
 s

h
ou

ld
 

ca
u

se
 it

 t
o 

m
ov

e 
on

e 
w

ay
, a

n
d

 w
h

at
 s

h
ou

ld
 c

au
se

 it
 t

o 
m

ov
e 

th
e 

ot
h

er
 w

ay
? 

U
se

 n
am

es
 f

or
 t

h
e 

d
if

fe
re

n
t 

m
ov

in
g 

p
ar

ts
, a

s 
w

el
l a

s 
fo

r 
th

e 
ot

h
er

 p
ar

ts
 t

h
at

 
w

il
l m

ak
e 

th
e 

m
ov

in
g 

p
ar

ts
 m

ov
e 

or
 s

to
p

 t
h

em
 f

ro
m

 m
ov

in
g.

 
[2

]

N
ot

e 
to

 t
he

 t
ea

ch
er

: L
ea

rn
er

s 
wi

ll 
no

t 
be

 a
bl

e 
to

 e
xp

la
in

 t
hi

s 
ea

si
ly

. T
he

y
ac

tu
al

ly
 n

ee
d 

to
 f

in
al

is
e 

th
ei

r 
de

si
gn

 b
ef

or
e 

th
ey

 c
an

 e
xp

la
in

 it
 f

ul
ly

. A
ll 

th
at

is
 n

ec
es

sa
ry

 f
or

 t
hi

s 
qu

es
ti

on
 is

 t
ha

t 
th

ey
 g

iv
e 

na
m

es
 t

o 
th

e 
sw

it
ch

 le
ve

r,
 t

he
sp

ri
ng

, t
he

 la
tc

h,
 t

he
 e

le
ct

ro
m

ag
ne

t,
 a

nd
 t

he
 e

le
ct

ri
ca

l c
on

ta
ct

. B
ut

 a
 f

ul
l

ex
pl

an
at

io
n 

is
 g

iv
en

 b
el

ow
.

Fu
ll 

ex
pl

an
at

io
n:

 W
he

n 
yo

u 
pr

es
s 

th
e 

sw
it

ch
 le

ve
r 

do
wn

, i
t 

wi
ll 

pr
es

s 
th

e 
le

ve
r

ag
ai

ns
t 

a 
sp

ri
ng

 t
ha

t 
tr

ie
s 

to
 p

re
ss

 it
 b

ac
k 

up
. B

ut
 o

nc
e 

yo
u 

ha
ve

 p
re

ss
ed

 t
he

le
ve

r 
do

wn
 f

ar
 e

no
ug

h,
 a

 la
tc

h 
ca

tc
he

s 
th

e 
le

ve
r 

so
 t

ha
t 

it
 c

an
no

t 
m

ov
e 

up
 a

ny
m

or
e.

 W
he

n 
th

e 
le

ve
r 

is
 c

au
gh

t 
by

 t
he

 la
tc

h,
 a

n 
el

ec
tr

ic
al

 c
on

ta
ct

 is
 m

ad
e 

so
th

at
 t

he
 c

ir
cu

it
 t

o 
th

e 
he

at
in

g 
el

em
en

t 
of

 t
he

 k
et

tl
e 

is
 c

lo
se

d,
 a

nd
 t

he
 k

et
tl

e 
is

sw
it

ch
ed

 o
n.

 T
he

 la
tc

h 
wo

rk
s 

si
m

ila
rl

y 
to

 a
 d

oo
r 

la
tc

h.
W

he
n 

th
e 

wa
te

r 
re

ac
he

s 
th

e 
re

qu
ir

ed
 t

em
pe

ra
tu

re
, t

he
 c

on
tr

ol
 c

ir
cu

it
 w

ill
al

lo
w 

el
ec

tr
ic

al
 c

ur
re

nt
 t

o 
fl

ow
 t

hr
ou

gh
 a

n 
el

ec
tr

om
ag

ne
t.

 T
he

 e
le

ct
ro

m
ag

ne
t

wi
ll 

pu
ll 

th
e 

m
et

al
 la

tc
h 

ba
ck

 s
o 

th
at

 it
 d

oe
sn

’t 
st

op
 t

he
 le

ve
r 

fr
om

 m
ov

in
g 

up
.

Th
e 

sp
ri

ng
 w

ill
 t

he
n 

pr
es

s 
th

e 
le

ve
r 

up
 a

ga
in

. W
he

n 
th

e 
le

ve
r 

is
 u

p,
 t

he
re

 w
ill

 b
e

no
 e

le
ct

ri
ca

l c
on

ta
ct

 t
o 

cl
os

e 
th

e 
ci

rc
ui

t 
co

nt
ai

ni
ng

 t
he

 h
ea

ti
ng

 e
le

m
en

t,
 s

o
th

e 
ke

tt
le

 w
ill

 b
e 

of
f.

 

5.
 

W
h

at
 t

yp
e 

of
 e

le
ct

ri
ca

l c
om

p
on

en
t 

ca
n

 g
en

er
at

e 
th

e 
au

to
m

at
ic

 m
ov

em
en

t 
th

at
 

yo
u

r 
d

ev
ic

e 
h

as
 t

o 
p

er
fo

rm
? 

T
h

is
 c

om
p

on
en

t 
w

il
l b

e 
th

e 
ou

tp
u

t 
d

ev
ic

e 
in

 t
h

e 
co

n
tr

ol
 c

ir
cu

it
 o

n
 p

ag
e 

20
2.

an
 e

le
ct

ro
m

ag
ne

t

6.
 

D
oe

s 
yo

u
r 

d
ev

ic
e 

n
ee

d
 a

 c
on

ta
in

er
 o

r 
su

p
p

or
ti

n
g 

st
ru

ct
u

re
 t

o 
ke

ep
 a

ll
 t

h
e 

p
ar

ts
 

to
ge

th
er

? 
W

h
at

 t
yp

e 
of

 c
on

ta
in

er
 o

r 
st

ru
ct

u
re

 d
o 

yo
u

 t
h

in
k 

w
il

l w
or

k 
w

el
l?

Th
e 

de
vic

e 
ne

ed
s a

 c
on

ta
in

er
 w

ith
 s

tr
on

g 
at

ta
ch

m
en

t 
po

in
ts

 f
or

 a
ll 

th
e 

m
ov

in
g 

pa
rt

s.
 A

 c
lo

se
d 

pl
as

ti
c 

co
nt

ai
ne

r 
wi

ll 
wo

rk
 w

el
l. 

(B
ut

 le
ar

ne
rs

 c
an

 u
se

 c
ar

db
oa

rd
in

st
ea

d 
fo

r 
th

e 
m

od
el

s 
of

 t
he

ir
 d

es
ig

ns
.)

C
on

st
ra

in
ts

7.
  

W
h

at
 p

ro
p

er
ty

 s
h

ou
ld

 t
h

e 
co

n
ta

in
er

 o
f 

th
e 

d
ev

ic
e 

h
av

e,
 f

or
 s

af
et

y 
re

as
on

s?
  

G
iv

e 
th

e 
re

as
on

(s
) a

s 
w

el
l. 

 
[1

]

Th
e 

co
nt

ai
ne

r 
sh

ou
ld

 n
ot

 a
llo

w 
wa

te
r 

to
 c

om
e 

in
to

 t
he

 d
ev

ic
e,

 b
ec

au
se

 t
ha

t 
co

ul
d 

ca
us

e 
a 

sh
or

t 
ci

rc
ui

t.
 A

 s
ho

rt
 c

ir
cu

it
 c

ou
ld

 d
am

ag
e 

th
e 

de
vi

ce
 a

nd
 e

ve
n 

st
ar

t 
a 

fi
re

. (
Le

ar
ne

rs
 h

av
e 

to
 id

en
ti

fy
 t

hi
s 

co
ns

tr
ai

nt
, b

ut
 t

he
y 

do
n’t

 h
av

e 
th

e 
ti

m
e 

an
d 

m
at

er
ia

ls
 t

o 
m

ak
e 

a 
wa

te
rp

ro
of

 c
on

ta
in

er
.)

8.
 

M
ak

e 
a 

ti
m

e 
sc

h
ed

u
le

 s
h

ow
in

g 
h

ow
 m

u
ch

 t
im

e 
yo

u
 h

av
e 

to
 d

es
ig

n
 a

n
d

 m
ak

e 
th

e 
p

ro
d

u
ct

.

 2
 h

ou
rs

 t
o 

de
si

gn
 a

nd
 d

ra
w 

(W
ee

k 
2)

 2
 h

ou
rs

 t
o 

bu
ild

 a
nd

 t
es

t 
(W

ee
k 

3)

Pl
an

n
in

g 
to

 m
ak

e
9.

 
M

ak
e 

a 
li

st
 o

f 
al

l t
h

e 
m

at
er

ia
ls

 y
ou

 w
il

l n
ee

d
.

 a
 lo

ng
 w

oo
de

n 
ba

r 
fo

r 
th

e 
sw

it
ch

 le
ve

r
 a

 n
ai

l t
o 

pu
t 

th
ro

ug
h 

th
e 

m
id

dl
e 

of
 t

he
 s

wi
tc

h 
le

ve
r 

as
 a

 p
iv

ot
 a

 s
pr

in
gy

 m
et

al
 p

la
te

 f
or

 t
he

 s
pr

in
g,

 a
s 

we
ll 

as
 a

 m
et

al
 p

la
te

 t
o 

be
 o

n 
on

e 
si

de
 

of
 t

he
 e

le
ct

ri
ca

l c
on

ta
ct

 a
 w

oo
de

n 
or

 c
ar

db
oa

rd
 b

lo
ck

 in
 t

he
 s

ha
pe

 o
f 

a 
la

tc
h

 t
hi

n 
m

et
al

 p
la

te
 (o

r 
th

ic
k 

st
ro

ng
 f

oi
l) 

to
 c

ov
er

 t
he

 la
tc

h 
wi

th
, f

or
 t

he
 o

th
er

 
si

de
 o

f 
th

e 
el

ec
tr

ic
al

 c
on

ta
ct

 
 a

 c
oi

l s
pr

in
g 

fo
r 

th
e 

la
tc

h,
 o

r 
th

in
 w

ir
e 

fr
om

 w
hi

ch
 y

ou
 c

an
 m

ak
e 

a 
co

il 
sp

ri
ng

 
by

 w
ra

pp
in

g 
it

 a
ro

un
d 

a 
pe

n
 a

n 
el

ec
tr

om
ag

ne
t 

m
ad

e 
fr

om
 in

su
la

te
d 

co
pp

er
 w

ir
e 

wr
ap

pe
d 

ar
ou

nd
 a

 th
ic

k 
iro

n 
na

il
 a

 t
hi

ck
 p

ie
ce

 o
f 

m
et

al
 t

o 
at

ta
ch

 t
o 

th
e 

ba
ck

 o
f 

th
e 

la
tc

h,
 s

o 
th

at
 t

hi
s 

ca
n 

be
 

at
tr

ac
te

d 
by

 t
he

 e
le

ct
ro

m
ag

ne
t
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 c
or

ru
ga

te
d 

ca
rd

bo
ar

d 
sh

ap
ed

 t
o 

m
ak

e 
a 

co
nt

ai
ne

r 
in

 w
hi

ch
 t

he
 la

tc
h 

ca
n 

sl
id

e,
 

an
d 

al
so

 a
 p

la
ce

 w
he

re
 t

he
 p

iv
ot

 f
or

 t
he

 s
wi

tc
h 

le
ve

r 
ca

n 
be

 a
tt

ac
he

d

10
. M

ak
e 

a 
li

st
 o

f 
al

l t
h

e 
to

ol
s 

yo
u

 w
il

l n
ee

d
.

 s
ci

ss
or

s
 r

ul
er

 w
ir

e 
cu

tt
er

D
es

ig
n

 s
k

et
ch

es
11

. M
ak

e 
at

 le
as

t 
tw

o 
ro

u
gh

 s
ke

tc
h

es
 o

f 
yo

u
r 

d
es

ig
n

. U
se

 la
be

ls
 a

n
d

 n
ot

es
 t

o 
ex

p
la

in
 y

ou
r 

d
es

ig
n

. I
f 

yo
u

r 
se

co
n

d
 s

ke
tc

h
 is

 a
n

 im
p

ro
ve

m
en

t 
on

 y
ou

r 
fi

rs
t 

sk
et

ch
, k

ee
p

 t
h

e 
fi

rs
t 

sk
et

ch
, b

u
t 

si
m

p
ly

 la
be

l t
h

e 
se

co
n

d
 s

ke
tc

h
 a

s 
“i

m
p

ro
ve

d
 

d
es

ig
n

”.
 

[5
]

Le
ar

ne
rs

’ o
wn

 id
ea

s.
 T

he
y 

sh
ou

ld
 s

ke
tc

h 
at

 le
as

t 
tw

o 
di

ff
er

en
t 

de
si

gn
 id

ea
s.

 A
 

sk
et

ch
 o

f 
on

e 
po

ss
ib

le
 d

es
ig

n 
is

 s
ho

wn
 b

el
ow

. N
ot

e 
th

at
 le

ar
ne

rs
 w

ill
 h

av
e 

tw
o 

m
or

e 
op

po
rt

un
it

ie
s 

to
 im

pr
ov

e 
an

d 
sk

et
ch

 d
es

ig
ns

. S
o 

th
ei

r 
de

si
gn

 h
er

e 
do

es
 n

ot
 n

ee
d 

to
 

be
 a

s 
go

od
 o

r 
as

 c
om

pl
et

e 
as

 t
he

 e
xa

m
pl

e 
gi

ve
n 

be
lo

w.

[T
ot

al
: 1

2]

W
ee

k
 2

Ev
al

ua
te

 a
s 

a 
te

am
: 

Le
ar

n 
fr

om
 o

ne
 a

no
th

er
’s

 d
es

ig
ns

 t
o 

m
ak

e 
a 

be
tt

er
 d

es
ig

n 
to

ge
th

er
 

(6
0 

m
in

ut
es

)

1.
 

Ea
ch

 t
ea

m
 m

em
be

r 
sh

ou
ld

 e
xp

la
in

 h
is

 o
r 

h
er

 d
es

ig
n

 
to

 t
h

e 
re

st
 o

f 
th

e 
te

am
, a

n
d

 t
h

e 
ot

h
er

s 
sh

ou
ld

 a
sk

 
q

u
es

ti
on

s 
if

 t
h

ey
 d

on
’t

 u
n

d
er

st
an

d
 s

om
et

h
in

g.
 

2.
 

A
ft

er
 e

ve
ry

on
e 

h
as

 e
xp

la
in

ed
 t

h
ei

r 
d

es
ig

n
s,

 y
ou

 
sh

ou
ld

 m
ak

e 
a 

li
st

 o
f 

th
e 

ad
va

n
ta

ge
s 

an
d

 
d

is
ad

va
n

ta
ge

s 
of

 a
ll

 t
h

e 
d

es
ig

n
s.

 

Th
is

 d
ep

en
ds

 o
n 

th
e 

pa
rt

ic
ul

ar
 d

es
ig

ns
.

Yo
u 

sh
ou

ld
 c

he
ck

 t
ha

t 
le

ar
ne

rs
 li

st
ed

ad
va

nt
ag

es
 a

nd
 d

is
ad

va
nt

ag
es

 f
or

 e
ve

ry
 d

es
ig

n.

Le
ar

n
 f

ro
m

 t
h

e 
d

if
fe

re
n

t 
d

es
ig

n
s 

th
at

 d
if

fe
re

n
t 

p
eo

p
le

 m
ad

e
D

on
’t

 t
h

ro
w

 a
n

 id
ea

 a
w

ay
 t

oo
 q

u
ic

kl
y 

ev
en

 if
 t

h
er

e 
is

 a
 p

ro
bl

em
 w

it
h

 it
. F

ir
st

 
sk

et
ch

 a
n

d
 e

xp
la

in
 it

 t
o 

th
e 

ot
h

er
s.

 T
h

is
 id

ea
 c

an
 le

ad
 t

o 
an

ot
h

er
 b

et
te

r 
id

ea
. I

f 
ev

er
yo

n
e 

th
ro

w
s 

th
ei

r 
id

ea
s 

aw
ay

 t
oo

 q
u

ic
kl

y,
 t

h
er

e 
w

il
l b

e 
n

o 
id

ea
s 

on
 t

h
e 

ta
bl

e 
to

 
w

or
k 

w
it

h
. D

es
ig

n
 t

ea
m

s 
w

or
k 

w
el

l w
h

en
 t

h
ey

 s
ep

ar
at

e 
th

e 
w

or
k 

in
to

 t
w

o 
st

ag
es

:

• 
Fi

rs
t 

ge
n

er
at

e 
id

ea
s,

 s
ke

tc
h

 a
n

d
 e

xp
la

in
 t

h
em

, 
w

it
h

ou
t 

an
yo

n
e 

sa
yi

n
g 

an
yt

h
in

g 
n

eg
at

iv
e 

ab
ou

t 
th

e 
id

ea
s.

 

• 
O

n
ce

 y
ou

 h
av

e 
se

ve
ra

l i
d

ea
s 

on
 t

h
e 

ta
bl

e,
 s

ta
rt

 
th

in
ki

n
g 

ab
ou

t 
h

ow
 a

n
d

 w
h

et
h

er
 t

h
e 

d
if

fe
re

n
t 

id
ea

s 
w

il
l w

or
k 

or
 n

ot
. D

on
’t

 t
al

k 
ab

ou
t 

“M
ar

y’
s 

d
es

ig
n

” 
or

 “
Si

p
h

o’
s 

d
es

ig
n

”.
 R

at
h

er
 t

al
k 

ab
ou

t 
“D

es
ig

n
 C

” 
or

 “
D

es
ig

n
 B

”.
 O

n
ce

 s
om

eo
n

e 
h

as
 p

u
t 

a 
d

es
ig

n
 o

n
 t

h
e 

ta
bl

e,
 y

ou
 t

al
k 

ab
ou

t 
th

e 
d

es
ig

n
. 

Y
ou

 d
o 

n
ot

 t
al

k 
ab

ou
t 

th
e 

p
er

so
n

. Y
ou

 e
va

lu
at

e 
th

e 
d

es
ig

n
s.

 Y
ou

 d
o 

n
ot

 e
va

lu
at

e 
yo

u
rs

el
f 

or
 

so
m

eo
n

e 
el

se
.

Th
er

e 
is

 n
o 

su
ch

 th
in

g 
as

 a
 

pe
rf

ec
t d

es
ig

n!
 F

or
 e

xa
m

pl
e,

 
yo

u 
ca

n 
m

ak
e 

a 
co

m
pl

ic
at

ed
 

de
si

gn
 th

at
 w

ill 
w

or
k 

ve
ry

 w
el

l, 
bu

t t
ha

t w
ill 

be
 e

xp
en

si
ve

 a
nd

 
di

ffi
cu

lt 
to

 b
ui

ld
. O

r 
yo

u 
ca

n 
m

ak
e 

a 
si

m
pl

e 
an

d 
ch

ea
p 

de
si

gn
 th

at
 w

or
ks

, b
ut

 is
 n

ot
 

st
ro

ng
 e

no
ug

h.

If 
so

m
eo

ne
 m

ak
es

 a
 n

eg
at

iv
e 

re
m

ar
k 

at
 th

is
 s

ta
ge

, y
ou

 
sh

ou
ld

 s
ay

 “R
ed

 fl
ag

! N
o 

ne
ga

tiv
e 

re
m

ar
ks

 a
t t

hi
s 

st
ag

e.
”

Sa
yi

ng
 “

M
ar

y 
m

ad
e 

a 
ba

d 
de

si
gn

” 
or

 “
Si

ph
o’

s 
is

 m
uc

h 
be

tte
r”

, f
or

 e
xa

m
pl

e,
 w

ill 
hu

rt
 

so
m

eo
ne

’s 
fe

el
in

gs
 o

r 
m

ak
e 

ot
he

rs
 fe

el
 p

ro
ud

 o
r 

ar
ro

ga
nt

. 
If 

so
m

eo
ne

 s
ay

s 
“M

ar
y’s

 
de

si
gn

 ..
.”

, y
ou

 s
ho

ul
d 

sa
y 

“R
ed

 fl
ag

! W
e 

ca
ll 

th
at

 
De

si
gn

 C
.”
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3.
 

N
ow

 c
om

bi
n

e 
d

if
fe

re
n

t 
id

ea
s 

fr
om

 d
if

fe
re

n
t 

d
es

ig
n

s 
in

to
 o

n
e 

be
tt

er
 d

es
ig

n
. Y

ou
r 

te
am

 w
il

l o
n

ly
 s

u
cc

ee
d

 a
t 

th
is

 if
 y

ou
 t

al
k 

an
d

 s
ke

tc
h

 t
og

et
h

er
 “

cr
ea

ti
ve

ly
”.

 B
ei

n
g 

cr
ea

ti
ve

 m
ea

n
s 

“p
la

yi
n

g 
w

it
h

 id
ea

s”
.

 
To

 c
om

m
u

n
ic

at
e 

w
el

l a
n

d
 t

o 
be

 c
re

at
iv

e,
 y

ou
 h

av
e 

to
 m

ak
e 

m
an

y 
ro

u
gh

 
sk

et
ch

es
. I

n
cl

u
d

e 
la

be
ls

 a
n

d
 n

ot
es

 t
o 

h
el

p
 e

xp
la

in
 t

h
e 

sk
et

ch
es

. 
 

[4
]

Le
ar

ne
rs

’ o
wn

 id
ea

s.

Th
ey

 s
ho

ul
d 

m
ak

e 
at

 le
as

t 
tw

o 
ro

ug
h 

sk
et

ch
es

 s
ho

wi
ng

 d
if

fe
re

nt
 a

sp
ec

ts
 o

f 
th

e 
de

si
gn

. 

Th
e 

de
si

gn
 s

ke
tc

he
s 

do
 n

ot
 n

ee
d 

to
 b

e 
fin

al
 y

et
, s

o 
le

ar
ne

rs
 c

an
 m

ak
e 

sk
et

ch
es

 
of

 d
es

ig
n 

as
pe

ct
s 

th
at

 a
re

 s
ti

ll 
pr

ob
le

m
at

ic
, a

nd
 c

ha
ng

e 
it

 la
te

r.

Th
ey

 s
ho

ul
d 

in
cl

ud
e 

la
be

ls
 a

nd
 n

ot
es

 t
o 

ex
pl

ai
n 

th
ei

r 
sk

et
ch

es
.

4.
 

N
ow

 e
ac

h
 p

er
so

n
 s

h
ou

ld
 m

ak
e 

th
ei

r 
ow

n
 s

ke
tc

h
es

 o
f 

th
e 

im
p

ro
ve

d
 d

es
ig

n
 

th
at

 t
h

e 
te

am
 m

ad
e 

to
ge

th
er

. O
n

ce
 a

ga
in

, s
h

ow
 la

be
ls

 a
n

d
 n

ot
es

 t
o 

ex
p

la
in

 t
h

e 
sk

et
ch

es
. 

 
M

ak
e 

at
 le

as
t 

tw
o 

sk
et

ch
es

, s
o 

th
at

 b
ot

h
 t

h
e 

w
h

ol
e 

d
es

ig
n

 a
n

d
 h

id
d

en
 d

et
ai

l 
ca

n
 b

e 
se

en
. Y

ou
 m

ig
h

t 
w

an
t 

to
 d

ra
w

 t
h

e 
d

es
ig

n
 f

ro
m

 d
if

fe
re

n
t 

vi
ew

 p
oi

n
ts

, o
r 

d
ra

w
 a

 f
ew

 p
ar

ts
 o

n
 t

h
ei

r 
ow

n
. 

[4
]

Le
ar

ne
rs

’ o
wn

 id
ea

s.

Th
ey

 s
ho

ul
d 

m
ak

e 
at

 le
as

t 
tw

o 
sk

et
ch

es
 t

o 
sh

ow
 d

if
fe

re
nt

 p
ar

ts
 o

f 
th

e 
te

am
’s 

de
si

gn
, o

r 
to

 s
ho

w 
th

e 
de

si
gn

 v
ie

we
d 

fr
om

 d
if

fe
re

nt
 a

ng
le

s.
 

Th
es

e 
sk

et
ch

es
 s

ho
ul

d 
be

 n
ea

te
r 

th
an

 t
he

 r
ou

gh
 s

ke
tc

he
s 

on
 t

he
 p

re
vi

ou
s 

pa
ge

, t
o 

sh
ow

 t
he

 fi
na

l d
es

ig
n 

cl
ea

rl
y.

Th
ey

 s
ho

ul
d 

al
so

 m
ak

e 
no

te
s 

an
d 

gi
ve

 n
am

es
 t

o 
di

ff
er

en
t 

pa
rt

s.

[T
ot

al
: 8

]

M
ak

e 
in

di
vi

du
al

ly
: 

2D
 W

or
ki

ng
 d

ra
w

in
g 

an
d 

3D
 d

ra
w

in
gs

 o
f 

yo
ur

 
de

si
gn

 
(6

0 
m

in
ut

es
)

1.
 

M
ak

e 
a 

2D
 w

or
ki

n
g 

d
ra

w
in

g 
of

 y
ou

r 
d

es
ig

n
 in

 f
ir

st
-

an
gl

e 
or

th
og

ra
p

h
ic

 p
ro

je
ct

io
n

. I
t 

sh
ou

ld
 b

e 
d

ra
w

n
 

to
 s

ca
le

 a
n

d
 s

h
ow

 a
s 

m
u

ch
 d

et
ai

l a
s 

p
os

si
bl

e.
 S

h
ow

 
d

im
en

si
on

s 
an

d
 t

h
e 

sc
al

e.
 S

h
ow

 a
ll

 h
id

d
en

 d
et

ai
ls

.
 

[8
]

D
ra

wi
ng

 o
f 

le
ar

ne
rs

’ o
wn

 d
es

ig
ns

.

LB
 p

ag
e 

20
7

Lo
ok

 b
ac

k 
at

 C
ha

pt
er

 1
 p

ag
e 

7 
fo

r 
an

 e
xp

la
na

tio
n 

of
 fi

rs
t-a

ng
le

 
or

th
og

ra
ph

ic
 p

ro
je

ct
io

ns
.
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2.
 

M
ak

e 
an

 is
om

et
ri

c 
d

ra
w

in
g 

of
 y

ou
r 

d
es

ig
n

 t
o 

sc
al

e.
 D

o 
n

ot
 s

h
ow

 t
h

e 
co

n
ta

in
er

 
or

 s
tr

u
ct

u
ra

l s
u

p
p

or
t 

fo
r 

th
e 

in
n

er
 p

ar
ts

 o
f 

yo
u

r 
d

es
ig

n
. O

n
ly

 s
h

ow
 t

h
e 

in
n

er
 

p
ar

ts
. D

o 
n

ot
 s

h
ow

 a
n

y 
h

id
d

en
 d

et
ai

ls
, b

u
t 

ch
oo

se
 y

ou
r 

vi
ew

 p
oi

n
t 

so
 t

h
at

 
as

 m
u

ch
 d

et
ai

l a
s 

p
os

si
bl

e 
is

 s
h

ow
n

. S
h

ow
 t

h
e 

sc
al

e,
 b

u
t 

d
o 

n
ot

 s
h

ow
 t

h
e 

d
im

en
si

on
s.

 
[7

]

D
ra

wi
ng

 o
f 

le
ar

ne
rs

’ o
wn

 d
es

ig
ns

.

Le
ar

ne
rs

 n
ee

d 
to

 u
se

 d
ra

wi
ng

 t
ri

an
gl

es
 t

o 
dr

aw
 li

ne
s 

th
at

 a
re

 a
t 

a 
30

° 
an

gl
e 

to

th
e 

ho
ri

zo
nt

al
.

[T
ot

al
: 1

5]

H
om

ew
or

k:
 P

la
nn

in
g 

to
 m

ak
e 

an
d 

ga
th

er
in

g 
m

at
er

ia
ls

M
ak

e 
li

st
s 

of
 t

h
e 

m
at

er
ia

ls
 a

n
d

 t
oo

ls
 y

ou
 w

il
l n

ee
d

 t
o 

bu
il

d
 a

 m
od

el
 o

f 
yo

u
r 

au
to

m
at

ic
 k

et
tl

e 
sw

it
ch

 n
ex

t 
w

ee
k.

 Y
ou

 n
ee

d
 t

o 
in

cl
u

d
e 

th
e 

m
at

er
ia

ls
 y

ou
 w

il
l 

n
ee

d
 t

o 
bu

il
d

 t
h

e 
ou

tp
u

t 
d

ev
ic

e 
fo

r 
th

e 
co

n
tr

ol
 c

ir
cu

it
 t

h
at

 y
ou

 w
il

l l
at

er
 c

on
n

ec
t 

to
 

yo
u

r 
m

od
el

 o
f 

th
e 

sw
it

ch
. (

Lo
ok

 b
ac

k 
at

 y
ou

r 
an

sw
er

 t
o 

q
u

es
ti

on
 5

 o
n

 p
ag

e 
20

4.
)

If
 t

h
er

e 
ar

e 
an

y 
m

at
er

ia
ls

 o
n

 y
ou

r 
li

st
 t

h
at

 a
re

 n
ot

 a
va

il
ab

le
 a

t 
sc

h
oo

l, 
ga

th
er

 
w

as
te

 m
at

er
ia

ls
 t

h
at

 y
ou

 c
an

 u
se

 in
st

ea
d

 a
n

d
 b

ri
n

g 
it

 t
o 

sc
h

oo
l n

ex
t 

w
ee

k.
 If

 y
ou

 d
o 

no
t 

do
 t

hi
s,

 y
ou

 w
on

’t
 b

e 
ab

le
 t

o 
bu

ild
 a

 m
od

el
 o

f 
yo

u
r 

de
si

gn
.

W
ee

k
 3

M
ak

e 
an

d 
te

st
 y

ou
r 

pr
ot

ot
yp

e 
of

 t
he

 s
w

it
ch

 
(1

20
 m

in
ut

es
)

Y
ou

 s
h

ou
ld

 w
or

k 
on

ly
 in

d
iv

id
u

al
ly

 in
 t

h
is

 s
ec

ti
on

, w
it

h
 y

ou
r 

ow
n

 m
od

el
. T

h
er

e 
is

 o
n

e 
ex

ce
p

ti
on

, n
am

el
y 

q
u

es
ti

on
 4

.(a
). 

Fo
r 

th
at

 q
u

es
ti

on
, y

ou
 s

h
ou

ld
 w

or
k 

as
 a

 
te

am
 t

o 
te

st
 t

h
e 

co
n

tr
ol

 c
ir

cu
it

 b
ef

or
e 

yo
u

 c
on

n
ec

t 
it

 t
o 

yo
u

r 
m

od
el

. A
ft

er
 t

h
at

 y
ou

 
sh

ou
ld

 r
et

u
rn

 t
o 

w
or

ki
n

g 
in

d
iv

id
u

al
ly

.
1.

 
W

or
k 

al
on

e 
to

 b
u

il
d

 a
 m

od
el

 o
f 

yo
u

r 
d

es
ig

n
 f

or
 

th
e 

sw
it

ch
. A

 m
od

el
 o

f 
a 

n
ew

 d
es

ig
n

 is
 c

al
le

d
 

a 
p

ro
to

ty
p

e.
  

 
 

 
2.

 
W

or
k 

al
on

e 
to

 b
u

il
d

 t
h

e 
ou

tp
u

t 
d

ev
ic

e 
fo

r 
th

e 
co

n
tr

ol
 c

ir
cu

it
 t

h
at

 y
ou

 w
il

l l
at

er
 c

on
n

ec
t 

to
 

yo
u

r 
sw

it
ch

. 

De
si

gn
er

s 
an

d 
en

gi
ne

er
s 

us
ua

lly
 m

ak
e 

m
an

y 
pr

ot
ot

yp
es

 
be

fo
re

 th
e 

de
si

gn
 is

 g
oo

d 
en

ou
gh

 to
 s

ta
rt

 m
an

uf
ac

tu
rin

g 
an

d 
se

llin
g 

it.
 E

ac
h 

pr
ot

ot
yp

e 
is

 a
n 

at
te

m
pt

 to
 im

pr
ov

e 
on

 
th

e 
pr

ev
io

us
 o

ne
.

3.
 

Te
st

 y
ou

r 
m

od
el

 w
it

h
 a

 s
im

p
le

 c
ir

cu
it

 c
on

si
st

in
g 

of
 a

 b
at

te
ry

 a
n

d
 t

h
e 

el
ec

tr
ic

 
ou

tp
u

t 
d

ev
ic

e 
th

at
 y

ou
 m

ad
e.

4.
 

Te
st

 y
ou

r 
m

od
el

 b
y 

co
n

n
ec

ti
n

g 
it

 t
o 

th
e 

co
n

tr
ol

 c
ir

cu
it

 t
h

at
 y

ou
 m

ad
e 

in
 

C
h

ap
te

r 
15

, b
u

t 
th

is
 t

im
e 

co
n

n
ec

t 
a 

9 
V

 b
at

te
ry

 t
o 

th
e 

ci
rc

u
it

, i
n

st
ea

d
 o

f 
th

e 
6 

V
 b

at
te

ry
 y

ou
 u

se
d

 in
 C

h
ap

te
r 

15
. T

h
e 

ou
tp

u
t 

d
ev

ic
e 

n
ee

d
s 

a 
bi

gg
er

 p
ot

en
ti

al
 

d
if

fe
re

n
ce

 t
h

an
 t

h
e 

bu
zz

er
 in

 C
h

ap
te

r 
15

 d
id

.
 

(a
) 

B
ef

or
e 

yo
u

 c
on

n
ec

t 
th

e 
co

n
tr

ol
 c

ir
cu

it
 t

o 
an

y 
m

od
el

, y
ou

r 
te

am
 s

h
ou

ld
 t

es
t 

th
e 

co
n

tr
ol

 c
ir

cu
it

 a
s 

yo
u

 d
id

 b
ef

or
e 

(s
ee

 p
ag

e 
19

2)
, b

ec
au

se
 s

om
e 

of
 t

h
e 

co
n

n
ec

ti
on

s 
m

ay
 h

av
e 

co
m

e 
lo

os
e.

 
(b

) 
To

 t
es

t 
yo

u
r 

au
to

m
at

ic
 k

et
tl

e 
sw

it
ch

, y
ou

 c
an

 u
se

 a
 t

h
u

m
b 

ta
ck

 p
re

ss
ed

 
in

to
 a

n
 e

ra
se

r 
th

at
 y

ou
 h

ea
t 

by
 r

u
bb

in
g 

it
 o

n
 a

 p
ie

ce
 o

f 
w

oo
d

 o
r 

p
la

st
ic

 f
or

 a
 

m
in

u
te

.
 

(c
) 

If
 y

ou
 w

er
e 

n
ot

 a
bl

e 
to

 b
u

il
d

 a
 c

on
tr

ol
 c

ir
cu

it
 s

u
cc

es
sf

u
ll

y 
in

 C
h

ap
te

r 
15

, y
ou

 
ca

n
 u

se
 t

h
e 

si
m

p
le

 c
ir

cu
it

 d
is

cu
ss

ed
 in

 q
u

es
ti

on
 3

 a
bo

ve
 t

o 
te

st
 y

ou
r 

m
od

el
 

of
 t

h
e 

sw
it

ch
.

5.
 

Y
ou

 w
il

l p
ro

ba
bl

y 
fi

n
d

 t
h

at
 y

ou
r 

m
od

el
 d

oe
s 

n
ot

 w
or

k 
th

e 
fi

rs
t 

ti
m

e 
yo

u
 t

es
t 

it
. 

T
h

is
 is

 n
or

m
al

! M
os

t 
n

ew
 t

h
in

gs
 t

h
at

 p
eo

p
le

 d
es

ig
n

 d
on

’t
 w

or
k 

th
e 

fi
rs

t 
ti

m
e 

th
ey

 t
es

t 
it

. T
ry

 t
o 

fi
n

d
 o

u
t 

w
h

at
’s

 w
ro

n
g,

 a
n

d
 t

h
en

 g
o 

ba
ck

 a
n

d
 f

ix
 it

 b
ef

or
e 

yo
u

 
te

st
 it

 a
ga

in
.

Y
ou

r 
te

ac
h

er
 w

il
l g

iv
e 

yo
u

 m
ar

ks
 f

or
 t

h
e 

fo
ll

ow
in

g:
• 

Y
ou

 b
ro

u
gh

t 
al

l t
h

e 
m

at
er

ia
ls

 n
ee

d
ed

 t
o 

m
ak

e 
a 

m
od

el
 o

f 
yo

u
r 

d
es

ig
n

. 
[2

]
• 

Y
ou

 a
cc

u
ra

te
ly

 m
ad

e 
th

e 
m

od
el

 a
cc

or
d

in
g 

to
 y

ou
r 

d
es

ig
n

 d
ra

w
in

gs
. 

[8
]

• 
Y

ou
 s

u
cc

es
sf

u
ll

y 
bu

il
t 

th
e 

el
ec

tr
ic

 o
u

tp
u

t 
d

ev
ic

e.
 

[2
]

• 
Y

ou
 c

on
n

ec
te

d
 y

ou
r 

m
od

el
 t

o 
th

e 
si

m
p

le
 c

ir
cu

it
 w

it
h

 t
h

e 
ou

tp
u

t 
d

ev
ic

e,
 

an
d

 u
se

d
 a

 g
oo

d
 m

et
h

od
 t

o 
te

st
 it

. 
[1

]
• 

A
ft

er
 y

ou
 t

es
te

d
 y

ou
r 

m
od

el
 f

or
 t

h
e 

fi
rs

t 
ti

m
e,

 y
ou

 m
ad

e 
a 

li
st

 o
f 

al
l t

h
e 

p
os

si
bl

e 
re

as
on

s 
th

at
 y

ou
r 

m
od

el
 is

 n
ot

 w
or

ki
n

g 
or

 w
h

y 
it

 is
 n

ot
 

w
or

ki
n

g 
w

el
l. 

[2
]

• 
Y

ou
 u

se
d

 t
h

e 
li

st
 t

o 
fi

x 
or

 im
p

ro
ve

 y
ou

r 
m

od
el

. 
[2

]
• 

Y
ou

 t
es

te
d

 y
ou

r 
m

od
el

 a
ga

in
, w

ri
ti

n
g 

d
ow

n
 t

h
e 

p
ro

bl
em

s,
 a

n
d

 g
oi

n
g 

ba
ck

 
an

d
 f

ix
in

g 
or

 im
p

ro
vi

n
g 

yo
u

r 
m

od
el

 u
n

ti
l i

t 
w

or
ke

d
, a

t 
le

as
t 

on
e 

m
or

e 
ti

m
e.

 
[4

]
• 

Y
ou

r 
m

od
el

 w
or

ke
d

, o
r 

yo
u

 w
ro

te
 a

 g
oo

d
 e

xp
la

n
at

io
n

 a
n

d
 m

ad
e 

sk
et

ch
es

 o
f 

w
h

at
 y

ou
 s

ti
ll

 n
ee

d
 t

o 
ch

an
ge

 o
n

 y
ou

r 
m

od
el

 t
o 

m
ak

e 
it

 w
or

k.
 

[4
]

[T
ot

al
: 2

5]

Y
ou

 n
ee

d
 t

o 
ke

ep
 a

 r
ec

or
d

 o
f 

al
l y

ou
r 

te
st

in
g 

an
d

 im
p

ro
ve

m
en

ts
 o

n
 y

ou
r 

m
od

el
, 

ot
h

er
w

is
e 

yo
u

 w
il

l n
ot

 g
et

 m
ar

ks
 f

or
 t

h
at

 w
or

k.
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C

H
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G
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A
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R

M
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C
H

A
PT
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PA
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LE
C
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N
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Y
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EM
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  A
N

D
 C

O
N

TR
O

L 

W
ee

k
 4

 
Pr

es
en

t 
yo

ur
 d

es
ig

n 
pr

oc
es

s 
an

d 
fi

na
l 

pr
ot

ot
yp

es
 

Y
ou

r 
te

am
 w

il
l g

iv
e 

a 
p

re
se

n
ta

ti
on

 o
f 

yo
u

r 
p

ro
je

ct
 la

te
r 

th
is

 w
ee

k.
 T

h
e 

p
re

se
n

ta
ti

on
 

sh
ou

ld
 b

e 
be

tw
ee

n
 t

h
re

e 
an

d
 f

iv
e 

m
in

u
te

s 
lo

n
g.

 E
ac

h
 m

em
be

r 
of

 y
ou

r 
te

am
 

sh
ou

ld
 d

o 
a 

p
ar

t 
of

 t
h

e 
p

re
se

n
ta

ti
on

. T
h

e 
ot

h
er

 le
ar

n
er

s 
in

 t
h

e 
cl

as
s 

m
ay

 a
sk

 y
ou

 
q

u
es

ti
on

s 
af

te
r 

yo
u

r 
p

re
se

n
ta

ti
on

.
Y

ou
r 

p
re

se
n

ta
ti

on
 s

h
ou

ld
 b

e 
m

os
tl

y 
ab

ou
t 

th
e 

d
es

ig
n

 p
ro

ce
ss

 t
h

at
 y

ou
 f

ol
lo

w
ed

 
to

 d
es

ig
n

, m
ak

e 
an

d
 im

p
ro

ve
 y

ou
r 

p
ro

to
ty

p
es

. 

Te
am

 m
ee

ti
ng

: 
Pr

ep
ar

e 
yo

ur
 p

re
se

nt
at

io
ns

 
(3

0 
m

in
ut

es
)

1.
 

D
ec

id
e 

w
h

ic
h

 p
ar

t 
of

 t
h

e 
p

re
se

n
ta

ti
on

 e
ac

h
 o

f 
yo

u
 w

il
l d

o.
 W

ri
te

 it
 d

ow
n

. 
[1

]
2.

 
D

ec
id

e 
in

 w
h

at
 o

rd
er

 y
ou

 w
il

l g
iv

e 
th

e 
d

if
fe

re
n

t 
p

ar
ts

 o
f 

th
e 

p
re

se
n

ta
ti

on
.  

W
h

o 
w

il
l t

al
k 

fi
rs

t,
 a

n
d

 w
h

o 
w

il
l t

al
k 

n
ex

t?
 

 
W

ri
te

 t
h

e 
p

ar
ts

 o
f 

th
e 

p
re

se
n

ta
ti

on
 in

 t
h

e 
or

d
er

 t
h

at
 y

ou
 w

il
l d

o 
th

em
, a

n
d

  
w

ri
te

 w
h

o 
w

il
l d

o 
w

h
ic

h
 p

ar
t.

 
[1

]
3.

 
Fo

r 
h

om
ew

or
k,

 y
ou

 s
h

ou
ld

 p
ra

ct
is

e 
yo

u
r 

p
ar

t 
of

 t
h

e 
p

re
se

n
ta

ti
on

.
[T

ot
al

: 2
]

G
iv

in
g 

th
e 

pr
es

en
ta

ti
on

s 
(9

0 
m

in
ut

es
)

Y
ou

r 
te

ac
h

er
 w

il
l l

oo
k 

at
 t

h
e 

fo
ll

ow
in

g 
to

 g
iv

e 
yo

u
 m

ar
ks

 f
or

 y
ou

r 
p

ar
t 

of
 y

ou
r 

te
am

’s
 p

re
se

n
ta

ti
on

:
• 

Y
ou

 w
er

e 
w

el
l p

re
p

ar
ed

 f
or

 y
ou

r 
p

re
se

n
ta

ti
on

. 
[2

]
• 

Y
ou

 e
xp

la
in

ed
 h

ow
 y

ou
 m

ad
e 

p
ro

gr
es

s 
d

u
ri

n
g 

th
e 

d
es

ig
n

 p
ro

ce
ss

. 
[2

]
• 

Y
ou

 lo
ok

ed
 a

t 
yo

u
r 

au
d

ie
n

ce
 a

n
d

 s
p

ok
e 

cl
ea

rl
y.

 
[1

]

[T
ot

al
: 5

]

A
n

 a
lt

er
n

at
iv

e 
to

 t
h

e 
ke

tt
le

 s
w

ic
th

 p
ro

je
ct

: 
D

es
ig

n
in

g 
an

d
 b

u
il

d
in

g 
a 

ci
rc

u
it

 c
o

n
ti

n
u

it
y 

te
st

er

Yo
ur

 te
ac

he
r 

m
ay

 d
ec

id
e 

to
 le

t y
ou

 d
o 

th
e 

fo
llo

w
in

g 
pr

oj
ec

t i
ns

te
ad

 o
f d

es
ig

ni
ng

 a
nd

 
bu

ild
in

g 
an

 a
ut

om
at

ic
 k

et
tle

 s
w

itc
h.

O
fte

n 
w

he
n 

pe
op

le
 h

av
e 

to
 c

on
ne

ct
 w

ire
s 

in
 e

le
ct

ric
 c

irc
ui

ts
, t

he
re

 a
re

 s
o 

m
an

y 
w

ire
s 

th
at

 it
 is

 d
iff

ic
ul

t t
o 

kn
ow

 w
hi

ch
 

tw
o 

w
ire

 e
nd

s 
ar

e 
of

 th
e 

sa
m

e 
w

ire
. 

It 
w

ou
ld

 h
el

p 
to

 h
av

e 
a 

de
vi

ce
 th

at
 

sh
ow

s 
w

he
th

er
 tw

o 
w

ire
 e

nd
s 

ar
e 

co
nn

ec
te

d 
or

 n
ot

. T
hi

s 
is

 w
ha

t 
a 

“c
irc

ui
t c

on
tin

ui
ty

 te
st

er
” 

do
es

.

Fi
gu

re
 8

A 
ci

rc
ui

t c
on

tin
ui

ty
 te

st
er

 is
 a

ct
ua

lly
 a

n 
op

en
 c

irc
ui

t. 
 

Th
e 

ci
rc

ui
t c

an
 o

nl
y 

be
 c

lo
se

d 
by

 th
e 

tw
o 

w
ire

 e
nd

s 
th

at
 

yo
u 

ar
e 

te
st

in
g.

 U
se

 th
e 

tw
o 

te
st

 le
ad

s 
of

 th
e 

ci
rc

ui
t 

co
nt

in
ui

ty
 te

st
er

 to
 to

uc
h 

th
e 

tw
o 

w
ire

 e
nd

s 
th

at
 y

ou
 

w
an

t t
o 

te
st

. I
f t

he
re

 is
 a

 p
at

h 
fo

r 
cu

rr
en

t t
o 

be
 

co
nd

uc
te

d 
be

tw
ee

n 
th

e 
tw

o 
w

ire
 e

nd
s,

 th
is

 w
ill 

co
m

pl
et

e 
th

e 
ci

rc
ui

t a
nd

 a
 li

gh
t o

r 
a 

bu
zz

er
 o

n 
th

e 
ci

rc
ui

t c
on

tin
ui

ty
 te

st
er

 w
ill 

be
 a

ct
iv

at
ed

.

Sa
fe

ty
 w

ar
ni

ng
:

Fi
rs

t s
w

itc
h 

of
f t

he
 p

ow
er

 
su

pp
ly

 b
ef

or
e 

yo
u 

do
 a

 te
st

 
su

ch
 a

s 
th

is
 o

ne
.

N
ot

e 
th

at
 a

 c
irc

ui
t c

on
tin

ui
ty

 te
st

er
 c

an
no

t 
te

ll 
yo

u 
w

he
th

er
 th

e 
tw

o 
w

ire
 e

nd
s 

ar
e 

of
 th

e 
sa

m
e 

w
ire

. I
t c

an
 o

nl
y 

te
ll 

yo
u 

w
he

th
er

 th
er

e 
is

 a
 p

at
h 

fo
r 

cu
rr

en
t t

o 
be

 c
on

du
ct

ed
 b

et
w

ee
n 

th
e 

tw
o 

w
ire

 e
nd

s,
 in

 o
th

er
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al

 c
el

l, 
si

m
ila

r 
to

 th
e 

el
ec

tro
ch

em
ic

al
 c

el
l l

ea
rn

er
s 

m
ad

e 
w

ith
 a

 z
in

c-
co

at
ed

 w
as

he
r 

an
d 

a 
co

pp
er

 c
oi

n 
in

 G
ra

de
 8

 
Se

ct
io

n 
19

.1
. T

he
 z

in
c 

“d
on

at
es

” 
el

ec
tro

ns
 to

 th
e 

iro
n.

 S
o 

it 
lo

se
s 

el
ec

tro
ns

 it
se

lf,
 w

hi
ch

 is
 a

 
di

ffe
re

nt
 w

ay
 o

f s
ay

in
g 

th
at

 it
 o

xi
di

se
s.

 T
he

 ir
on

 re
ce

iv
es

 th
e 

el
ec

tro
ns

. T
hi

s 
pr

ev
en

ts
 th

e 
iro

n 
fro

m
 o

xi
di

si
ng

 it
se

lf,
 b

ec
au

se
 o

xi
di

sa
tio

n 
of

 a
 m

et
al

 o
cc

ur
s 

w
he

n 
th

e 
m

et
al

 lo
se

s 
el

ec
tro

ns
.

So
m

et
im

es
 s

hi
ps

 h
av

e 
bi

g 
bl

oc
ks

 o
f z

in
c 

on
 th

em
, w

hi
ch

 a
re

 c
on

ne
ct

ed
 to

 th
e 

st
ee

l o
f t

he
 

sh
ip

 w
ith

 c
on

du
ct

in
g 

m
at

er
ia

l t
o 

fo
rm

 a
 c

lo
se

d 
el

ec
tr

ic
al

 c
irc

ui
t. 

Be
ca

us
e 

th
e 

zi
nc

-ir
on

 
el

ec
tro

ch
em

ic
al

 c
el

l p
ro

vi
de

s 
th

e 
iro

n 
w

ith
 e

le
ct

ro
ns

, i
t i

s 
on

ly
 a

fte
r 

al
l t

he
 z

in
c 

ha
ve

 o
xi

di
se

d 
th

at
 th

e 
iro

n 
w

ill 
st

ar
t t

o 
ox

id
is

e.
 P

eo
pl

e 
al

so
 s

ay
 th

at
 th

e 
zi

nc
 b

lo
ck

s 
ar

e 
“s

ac
rif

ic
ia

l a
no

de
s”

.

17
.3

 E
le

ct
ro

pl
at

in
g 

Co
lle

ct
 th

e 
Se

ct
io

n 
17

.2
 h

om
ew

or
k 

(“W
ha

t h
av

e 
yo

u 
le

ar
nt

?”
).

In
 s

ec
tio

n 
17

.3
, l

ea
rn

er
s 

w
ill 

fir
st

 re
ad

 a
bo

ut
 e

le
ct

ro
pl

at
in

g,
 a

nd
 th

en
 d

o 
el

ec
tro

pl
at

in
g 

th
em

se
lv

es
, i

n 
gr

ou
ps

, a
s 

a 
pr

ac
tic

al
 a

ct
ivi

ty
. T

he
 m

os
t i

m
po

rt
an

t t
hi

ng
 fo

r 
le

ar
ne

rs
 in

 th
is

 
se

ct
io

n 
is

 to
 g

ai
n 

pr
ac

tic
al

 e
xp

er
ie

nc
e.

 

Th
e 

te
ac

he
r 

no
te

s 
be

lo
w

 fi
rs

t d
is

cu
ss

 th
e 

pr
ac

tic
al

/e
xp

er
im

en
ta

l i
ns

tr
uc

tio
ns

. 

Th
er

ea
fte

r, 
it 

tr
ie

s 
to

 a
ns

w
er

 th
e 

qu
es

tio
n 

“H
ow

 d
oe

s 
el

ec
tro

pl
at

in
g 

w
or

k?
”

In
st

ru
ct

io
ns

 f
or

 t
he

 p
ra

ct
ic

al
 a

ct
iv

it
y

M
at

er
ia

ls
 a

nd
 e

qu
ip

m
en

t n
ee

de
d 

(f
or

 1
0 

gr
ou

ps
): 

10
 g

la
ss

 b
ea

ke
rs

 o
r 

ja
m

 ja
rs

 m
ad

e 
of

 g
la

ss
 o

r 
cl

ea
r 

pl
as

tic
 (1

50
 to

 2
00

 m
l)

10
 c

el
ls

 in
 g

oo
d 

co
nd

iti
on

, w
ith

 c
el

l-h
ol

de
rs

 o
r 

so
m

e 
w

ay
 to

 c
on

ne
ct

 w
ire

s 
to

 th
e 

te
rm

in
al

s 
(e

.g
. 

st
ic

ky
-ta

pe
 to

 w
ra

p 
ar

ou
nd

 fr
om

 p
os

iti
ve

 to
 n

eg
at

iv
e 

te
rm

in
al

s)

10
 p

ai
rs

 o
f c

on
du

ct
in

g 
w

ire
s,

 o
ne

 re
d-

co
ve

re
d 

an
d 

on
e 

bl
ac

k-
 c

ov
er

ed
. I

f t
he

se
 h

av
e 

cr
oc

od
ile

 
cl

ip
s 

on
 th

ei
r 

en
ds

, t
ha

t i
s 

be
st

, b
ut

 c
lip

s 
ar

e 
no

t e
ss

en
tia

l. 
Th

e 
co

lo
ur

s 
of

 th
e 

w
ire

s 
he

lp
 

le
ar

ne
rs

 to
 re

m
em

be
r 

w
hi

ch
 s

id
e 

is
 p

os
iti

ve
 a

nd
 w

hi
ch

 n
eg

at
iv

e.
 If

 o
nl

y 
w

hi
te

 w
ire

 is
 a

va
ila

bl
e,

 
th

at
 w

ill 
al

so
 w

or
k.

10
 c

op
pe

r 
pi

ec
es

. T
hi

s 
ca

n 
be

 a
 c

op
pe

r 
st

rip
, a

 p
ie

ce
 o

f c
le

an
 c

op
pe

r 
pi

pe
, o

r 
a 

co
il 

of
 b

ar
e 

co
pp

er
 w

ire
. T

hi
s 

w
ill 

be
 th

e 
co

pp
er

 e
le

ct
ro

de
. 

a 
ro

ll 
of

 p
ap

er
 to

w
el

2 
lit

re
s 

of
 h

ot
 w

at
er

 in
 a

 la
rg

e 
gl

as
s 

co
nt

ai
ne

r, 
to

 p
re

pa
re

 th
e 

co
pp

er
 s

ul
fa

te
 s

ol
ut

io
n

1 
la

rg
e 

pl
as

tic
 s

po
on

 o
r 

st
irr

er
, f

or
 d

is
so

lv
in

g 
th

e 
co

pp
er

 s
ul

fa
te

Ea
ch

 g
ro

up
 n

ee
ds

 a
t l

ea
st

 o
ne

 m
et

al
 o

bj
ec

t f
or

 p
la

tin
g.

10
 lu

m
ps

 o
f s

te
el

 w
oo

l f
or

 c
le

an
in

g 
th

e 
ob

je
ct

 b
ef

or
e 

pl
at

in
g

a 
bo

ttl
e 

of
 m

et
hy

la
te

d 
sp

iri
ts

, f
or

 c
le

an
in

g 
th

e 
ob

je
ct

s 
be

fo
re

 p
la

tin
g

10
 s

m
al

l b
ow

ls
, i

n 
w

hi
ch

 th
e 

te
ac

he
r 

w
ill 

po
ur

 s
m

al
l a

m
ou

nt
s 

of
 m

et
hy

la
te

d 
sp

iri
ts

 to
 b

e 
us

ed
 b

y 
th

e 
le

ar
ne

rs

w
hi

te
 to

ot
hp

as
te

, a
ls

o 
fo

r 
cl

ea
ni

ng
 th

e 
ob

je
ct

s 
 

Th
e 

fo
llo

w
in

g 
sh

ou
ld

 b
e 

pr
ep

ar
ed

 b
y 

le
ar

ne
rs

 b
ef

or
e 

th
e 

le
ss

on
: 

Ea
ch

 le
ar

ne
r 

sh
ou

ld
 b

rin
g 

a 
sm

al
l m

et
al

 o
bj

ec
t t

o 
cl

as
s 

a 
w

ee
k 

be
fo

re
 th

e 
le

ss
on

. T
hi

s 
co

ul
d 

be
 a

 k
ey

, a
 r

in
g,

 a
 s

af
et

y-
pi

n,
 a

 p
en

ci
l-s

ha
rp

en
er

 o
r 

a 
be

lt-
bu

ck
le

. I
t m

us
t b

e 
sm

al
l e

no
ug

h 
to

 fi
t 

in
si

de
 a

 ja
m

 ja
r.

Th
e 

fo
llo

w
in

g 
sh

ou
ld

 b
e 

pr
ep

ar
ed

 b
y 

th
e 

te
ac

he
r 

be
fo

re
 th

e 
le

ss
on

: 

Th
e 

te
ac

he
r 

sh
ou

ld
 p

re
pa

re
 a

 s
tro

ng
 s

ol
ut

io
n 

of
 c

op
pe

r 
su

lfa
te

 b
ef

or
e 

th
e 

st
ar

t o
f t

he
 le

ss
on

. 
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H

A
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V
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A
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TE
C

H
N

O
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G
Y

 G
R

A
D
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R

M
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9

Pr
ep

ar
e 

en
ou

gh
 s

ol
ut

io
n 

fo
r 

10
 g

ro
up

s,
 b

y 
di

ss
ol

vi
ng

 a
bo

ut
 2

0 
te

as
po

on
s 

of
 c

op
pe

r 
su

lfa
te

 in
 

2 
lit

re
s 

of
 h

ot
 w

at
er

. A
t t

he
 s

ta
rt

, a
dd

 o
nl

y 
10

 te
as

po
on

s 
of

 c
op

pe
r 

su
lfa

te
, a

nd
 s

tir
 u

nt
il 

it 
is

 
al

l d
is

so
lv

ed
. T

he
n 

ad
d 

m
or

e 
te

as
po

on
s 

an
d 

st
ir 

ag
ai

n.
 K

ee
p 

ad
di

ng
 c

op
pe

r 
su

lfa
te

 u
nt

il 
so

m
e 

so
lid

 c
op

pe
r 

su
lfa

te
 re

m
ai

ns
 o

n 
th

e 
bo

tto
m

 o
f t

he
 c

on
ta

in
er

, t
ha

t d
oe

s 
no

t d
is

so
lv

e 
w

ith
 fu

rt
he

r 
st

irr
in

g.
 N

ow
 y

ou
 k

no
w

 n
ow

 th
at

 y
ou

 h
av

e 
a 

sa
tu

ra
te

d 
so

lu
tio

n.
 T

ha
t i

s 
to

 s
ay

, t
he

 w
at

er
, a

t t
ha

t 
te

m
pe

ra
tu

re
, c

an
no

t h
ol

d 
m

or
e 

co
pp

er
 s

ul
fa

te
.

Th
es

e 
2 

lit
re

s 
sh

ou
ld

 b
e 

en
ou

gh
 fo

r 
10

 ja
rs

 th
e 

le
ar

ne
rs

 w
ill 

us
e.

 If
 y

ou
 w

or
ry

 a
bo

ut
 th

e 
co

st
 o

f 
th

e 
co

pp
er

 s
ul

fa
te

, r
em

em
be

r 
th

at
 y

ou
 w

ill 
co

lle
ct

 th
e 

so
lu

tio
n 

fro
m

 th
e 

le
ar

ne
rs

 a
t t

he
 e

nd
 o

f 
th

e 
le

ss
on

, a
nd

 y
ou

 c
an

 s
to

re
 it

 fo
r 

th
e 

ne
xt

 c
la

ss
 (a

nd
 fo

r 
ne

xt
 y

ea
r).

Yo
u 

sh
ou

ld
 d

o 
th

e 
ex

pe
rim

en
t y

ou
rs

el
f b

ef
or

e 
th

e 
le

ss
on

: C
on

ne
ct

 th
e 

ci
rc

ui
t a

nd
 p

la
te

 a
 k

ey
 o

r 
so

m
et

hi
ng

 e
ls

e 
w

ith
 c

op
pe

r. 
N

ot
e 

th
e 

in
st

ru
ct

io
ns

 a
bo

ut
 fi

rs
t c

le
an

in
g 

th
e 

m
et

al
 o

bj
ec

t, 
gi

ve
n 

be
lo

w.

Th
e 

te
ac

he
r 

(m
ay

be
 w

ith
 th

e 
su

pp
or

t o
f t

he
 N

at
ur

al
 S

ci
en

ce
s 

te
ac

he
r) 

ca
n 

be
fo

re
 th

e 
le

ss
on

 
m

ak
e 

dr
aw

in
gs

 o
n 

th
e 

bo
ar

d,
 to

 h
el

p 
le

ar
ne

rs
 to

 v
is

ua
lis

e 
on

 th
e 

su
b-

m
ic

ro
sc

op
ic

 le
ve

l w
ha

t 
w

ill 
be

 h
ap

pe
ni

ng
 d

ur
in

g 
th

e 
co

pp
er

-p
la

tin
g 

ex
pe

rim
en

t T
he

 s
ec

tio
n 

at
 th

e 
en

d 
of

 th
es

e 
te

ac
he

r 
no

te
s 

(“E
xp

la
na

tio
n 

of
 e

le
ct

ro
pl

at
in

g 
by

 re
fe

rr
in

g 
to

 io
ns

”) 
su

gg
es

ts
 h

ow
 th

is
 c

an
 b

e 
do

ne
. 

Su
gg

es
tio

n 
of

 h
ow

 th
e 

te
ac

he
r 

ca
n 

m
an

ag
e 

th
e 

le
ss

on
:

Le
t t

he
 le

ar
ne

rs
 re

ad
 s

ec
tio

n 
17

.3
 fo

r 
th

em
se

lv
es

, w
hi

le
 y

ou
 s

et
 o

ut
 th

e 
eq

ui
pm

en
t f

or
 g

ro
up

 
le

ad
er

s 
to

 c
ol

le
ct

.

Ch
ec

k 
th

at
 th

ey
 h

av
e 

un
de

rs
to

od
 w

or
ds

 li
ke

 c
or

ro
si

on
, s

ol
ut

io
n 

an
d 

el
ec

tro
ly

te
. 

Le
t e

ac
h 

gr
ou

p 
le

ad
er

 c
om

e 
to

 c
ol

le
ct

 th
e 

fo
llo

w
in

g 
fro

m
 y

ou
:

• 
a 

ja
r 

of
 c

op
pe

r 
su

lfa
te

 s
ol

ut
io

n,
 

• 
a 

ce
ll,

 

• 
a 

co
pp

er
 e

le
ct

ro
de

 (t
he

 c
op

pe
r 

st
rip

, r
od

, p
ip

e 
or

 c
oi

l o
f w

ire
), 

an
d 

• 
a 

bl
ac

k 
an

d 
a 

re
d 

co
nd

uc
tin

g 
w

ire
. 

O
n 

th
e 

to
ol

s 
ta

bl
e,

 p
la

ce
 m

at
er

ia
ls

 th
at

 w
ill 

be
 u

se
d 

to
 c

le
an

 th
e 

ob
je

ct
s:

• 
lu

m
ps

 o
f s

te
el

 w
oo

l,

• 
sm

al
l b

ow
ls

 o
f m

et
hy

la
te

d 
sp

iri
ts

 (t
he

 s
m

al
le

r 
th

e 
bo

w
ls

, t
he

 b
et

te
r, 

si
nc

e 
sp

iri
ts

 is
 fl

am
m

ab
le

 
an

d 
po

is
on

ou
s)

,

• 
da

bs
 o

f t
oo

th
pa

st
e 

on
 p

ie
ce

s 
of

 p
la

st
ic

, a
nd

• 
sq

ua
re

s 
of

 p
ap

er
 to

w
el

 fo
r 

ru
bb

in
g 

th
e 

to
ot

hp
as

te
 o

nt
o 

th
e 

ob
je

ct
, a

nd
 fo

r 
cl

ea
ni

ng
 u

p 
af

te
rw

ar
ds

. 

St
ep

 1
 fo

r 
le

ar
ne

rs
: C

le
an

 th
e 

ob
je

ct
 to

 b
e 

el
ec

tro
pl

at
ed

• 
St

ee
l w

oo
l w

ill 
be

 u
se

d 
to

 re
m

ov
e 

ru
st

 o
r 

pa
in

t o
r 

ot
he

r 
co

at
in

gs
 o

n 
th

e 
ob

je
ct

. 

• 
M

et
hy

la
te

d 
sp

iri
ts

 d
is

so
lv

es
 g

re
as

e 
on

 th
e 

ob
je

ct
 th

at
 c

am
e 

fro
m

 p
eo

pl
e’

s 
fin

ge
rs

. 

• 
To

ot
hp

as
te

 is
 a

 c
le

an
in

g 
co

m
po

un
d 

th
at

 c
on

ta
in

s 
a 

ve
ry

 fi
ne

 a
br

as
iv

e 
(p

ar
tic

le
s 

lik
e 

sa
nd

, b
ut

 
m

uc
h 

sm
al

le
r) 

th
at

 p
ol

is
he

s 
th

e 
su

rf
ac

e.

St
ep

 2
 fo

r 
le

ar
ne

rs
: L

ea
rn

er
s 

sh
ou

ld
 n

ow
 re

ad
 a

nd
 fo

llo
w

 th
e 

in
st

ru
ct

io
ns

 a
t t

he
 b

ot
to

m
 o

f 
pa

ge
 2

21
 in

 th
e 

Le
ar

ne
r 

Bo
ok

.

St
ep

 3
 fo

r 
le

ar
ne

rs
: E

le
ct

ro
pl

at
e 

th
e 

ob
je

ct

Ea
ch

 g
ro

up
 w

ill 
ne

ed
 3

 to
 5

 m
in

ut
es

 to
 c

oa
t a

n 
ob

je
ct

 w
ith

 c
op

pe
r.

Th
in

gs
 th

at
 th

e 
te

ac
he

r 
sh

ou
ld

 c
he

ck
 a

bo
ut

 e
ac

h 
gr

ou
p’

s 
ex

pe
ri

m
en

ta
l s

et
up

:

• 
Th

e 
co

pp
er

 e
le

ct
ro

de
 is

 c
on

ne
ct

ed
 to

 th
e 

po
si

tiv
e 

te
rm

in
al

 o
f t

he
 c

el
l (

th
ey

 s
ho

ul
d 

us
e 

a 
re

d 
w

ire
 fo

r 
th

e 
co

nn
ec

tio
n)

.

• 
Th

e 
ob

je
ct

 to
 b

e 
co

at
ed

 is
 c

on
ne

ct
ed

 to
 th

e 
ne

ga
tiv

e 
te

rm
in

al
 o

f t
he

 c
el

l (
th

ey
 s

ho
ul

d 
us

e 
a 

bl
ac

k 
w

ire
 fo

r 
th

e 
co

nn
ec

tio
n)

.

• 
Th

e 
cr

oc
od

ile
 c

lip
s 

ar
e 

no
t i

n 
th

e 
so

lu
tio

n 
be

ca
us

e 
th

ey
 w

ill 
be

 c
or

ro
de

d 
by

 th
e 

re
ac

tio
n.

 

• 
Th

e 
co

pp
er

 e
le

ct
ro

de
 a

nd
 th

e 
m

et
al

 o
bj

ec
t a

re
 fa

r 
ap

ar
t a

nd
 n

ot
 to

uc
hi

ng
 e

ac
h 

ot
he

r.

Tr
ou

bl
es

ho
ot

in
g

If 
th

e 
el

ec
tro

ly
te

 s
ol

ut
io

n 
is

 to
o 

w
ea

k 
(d

ilu
te

), 
th

en
 th

e 
co

pp
er

 d
ep

os
it 

w
ill 

be
 a

 b
it 

bl
ac

k 
an

d 
th

in
. 

If 
th

e 
co
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pl
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in
g.

) T
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o 
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s 
ho

w
 s
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s 

el
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 o
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).

C
H

A
PT

ER
 1

7:
 P

R
ES

ER
V

IN
G

 M
ET

A
LS

28
1

di
ss

ol
ve

 in
 w

at
er

W
ha

t i
s 

a 
ch

em
ic

al
 

bo
nd

?
Th

e 
el

ec
tr

ic
 fo

rc
es

 
be

tw
ee

n 
th
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 P
ai

nt
in

g 
m

et
al

s

Fi
gu

re
 2

: A
 w

om
an

 p
ai

nt
in

g 
a 

do
or

 fr
am

e

A
lt

h
ou

gh
 m

et
al

s,
 a

s 
w

e 
u

su
al

ly
 p

er
ce

iv
e 

th
em

, a
re

 g
en

er
al

ly
 v

er
y 

to
u

gh
, t

h
ey

 d
o 

br
ea

k 
d

ow
n

 o
ve

r 
ti

m
e.

 R
u

st
 is

 o
n

e 
of

 t
h

e 
m

os
t 

co
m

m
on

 w
ay

s 
th

at
 m

et
al

s 
ca

n
 

d
et

er
io

ra
te

. P
la

n
ts

 a
n

d
 a

n
im

al
s 

d
ie

, b
ec

om
e 

co
m

p
os

t 
an

d
 r

et
u

rn
 t

o 
th

e 
ea

rt
h

. 
W

h
en

 m
et

al
s 

ru
st

, t
h

ey
 b

re
ak

 d
ow

n
 in

to
 s

m
al

le
r 

p
ar

ti
cl

es
 a

n
d

 a
ls

o 
re

tu
rn

 t
o 

th
e 

ea
rt

h
. A

s 
yo

u
 k

n
ow

 b
y 

n
ow

, m
et

al
s 

co
m

e 
fr

om
 t

h
e 

ea
rt

h
 o

ri
gi

n
al

ly
 a

n
d

 h
u

m
an

s 
ex

tr
ac

t 
m

et
al

s 
by

 m
in

in
g.

B
u

t 
w

h
at

 c
au

se
s 

m
et

al
s 

to
 r

u
st

? 
Fo

r 
m

an
y 

m
et

al
s,

 a
 s

lo
w

 c
h

em
ic

al
 r

ea
ct

io
n

 
sp

on
ta

n
eo

u
sl

y 
oc

cu
rs

 b
et

w
ee

n
 t

h
e 

su
rf

ac
e 

of
 t

h
e 

m
et

al
 a

n
d

 o
xy

ge
n

, w
h

en
 t

h
e 

m
et

al
 is

 in
 c

on
ta

ct
 w

it
h

 w
at

er
 o

r 
w

it
h

 m
oi

st
u

re
 in

 t
h

e 
ai

r.
 T

h
is

 is
 c

al
le

d
 o

xi
d

is
at

io
n

 
or

 c
or

ro
si

on
. C

or
ro

si
on

 c
an

 o
n

ly
 o

cc
u

r 
if

 t
h

e 
m

et
al

 is
 in

 c
on

ta
ct

 w
it

h
 w

at
er

 o
r 

m
oi

st
u

re
 in

 t
h

e 
ai

r.
 F

er
ro

u
s 

m
et

al
s 

ar
e 

n
ot

 r
es

is
ta

n
t 

to
 c

or
ro

si
on

. W
h

en
 a

 f
er

ro
u

s 
m

et
al

 c
or

ro
d

es
, i

t 
is

 c
al

le
d

 r
u

st
. 

C
or

ro
si

on
 h

ap
p

en
s 

m
u

ch
 f

as
te

r 
w

h
en

 t
h

er
e 

ar
e 

sa
lt

s 
or

 a
ci

d
s 

d
is

so
lv

ed
 in

 t
h

e 
w

at
er

 o
r 

th
e 

m
oi

st
u

re
 in

 t
h

e 
ai

r.
 F

or
 e

xa
m

p
le

, c
lo

se
 t

o 
th

e 
se

a,
 m

et
al

s 
co

rr
od

e 
m

u
ch

 q
u

ic
ke

r 
th

an
 in

la
n

d
. F

ig
u

re
 3

 s
h

ow
s 

an
 e

xa
m

p
le

 o
f 

th
is

.
H

ow
ev

er
, t

h
er

e 
ar

e 
w

ay
s 

of
 p

ro
te

ct
in

g 
m

et
al

s 
ag

ai
n

st
 o

xi
d

is
at

io
n

. T
h

e 
ch

ea
p

es
t 

w
ay

 o
f 

p
re

se
rv

in
g 

fe
rr

ou
s 

m
et

al
s 

is
 b

y 
p

ai
n

ti
n

g 
th

e 
ex

p
os

ed
 s

u
rf

ac
e.
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: A
 ru

st
ed

 c
ar

 b
y 

th
e 

co
as

t

H
ow

 d
o 

yo
u

 p
ai

n
t 

m
et

al
? 

T
h

at
 d

ep
en

d
s 

on
 w

h
et

h
er

 it
 is

 a
 b

ra
n

d
 n

ew
 p

ie
ce

 o
f 

m
et

al
 o

r 
a 

p
ie

ce
 o

f 
m

et
al

 t
h

at
 h

as
 a

lr
ea

d
y 

ru
st

ed
.  

 

Fi
gu

re
 4

: W
ire

 b
ru

sh
Fi

gu
re

 5
: S

an
dp

ap
er

If
 it

 is
 a

 b
ra

n
d

-n
ew

, s
m

oo
th

 p
ie

ce
 o

f 
m

et
al

 t
h

at
 h

as
 n

ev
er

 b
ee

n
 p

ai
n

te
d

 b
ef

or
e,

 
it

 is
 b

es
t 

to
 fi

rs
t 

ro
u

gh
en

 t
h

e 
su

rf
ac

e 
a 

bi
t.

 I
t 

is
 d

if
fi

cu
lt

 f
or

 p
ai

n
t 

to
 s

ti
ck

 t
o 

a 
ve

ry
 

sm
oo

th
 s

u
rf

ac
e.

 T
o 

ro
u

gh
en

 t
h

e 
su

rf
ac

e,
 y

ou
 c

an
 u

se
 w

ir
e 

br
u

sh
 s

u
ch

 a
s 

th
e 

on
e 

sh
ow

n
 in

 F
ig

u
re

 4
 o

r 
sa

n
d

p
ap

er
 a

s 
sh

ow
n

 in
 F

ig
u

re
 5

. M
ak

e 
su

re
 t

h
at

 t
h

er
e 

is
 n

o 
d

u
st

 o
n

 t
h

e 
su

rf
ac

e.
 Y

ou
 c

an
 w

ip
e 

it
 w

it
h

 a
 c

le
an

 c
lo

th
 t

o 
ge

t 
ri

d
 o

f 
d

u
st

. T
h

en
 y

ou
 

m
u

st
 a

p
p

ly
 o

n
e,

 o
r 

p
re

fe
ra

bl
y 

tw
o,

 c
oa

ts
 o

f 
p

ri
m

er
. P

ri
m

er
 p

ro
te

ct
s 

th
e 

m
et

al
 a

n
d

 
m

ak
es

 it
 e

as
ie

r 
fo

r 
th

e 
to

p
 c

oa
t 

of
 p

ai
n

t 
to

 s
ti

ck
 t

o 
th

e 
m

et
al

’s
 s

u
rf

ac
e.

 F
in

al
ly

, y
ou

 
ca

n
 a

p
p

ly
 t

h
e 

to
p

 c
oa

t 
of

 p
ai

n
t.

Pa
in

ti
n

g 
a 

ru
st

ed
 p

ie
ce

 o
f 

m
et

al
 is

 a
 b

it
 m

or
e 

d
if

fi
cu

lt
. F

ir
st

, y
ou

 n
ee

d
 t

o 
ge

t 
ri

d
 o

f 
as

 m
u

ch
 r

u
st

 a
s 

p
os

si
bl

e.
 I

f 
th

er
e 

is
 o

ld
, fl

ak
y 

p
ai

n
t,

 y
ou

 m
u

st
 r

em
ov

e 
th

at
 a

s 
w

el
l. 

A
 w

ir
e 

br
u

sh
 a

n
d

 s
an

d
p

ap
er

 w
or

k 
w

el
l f

or
 t

h
is

. I
t 

is
 h

ar
d

 t
o 

ge
t 

ri
d

 o
f 

al
l t

h
e 

ru
st

, 
th

er
ef

or
e 

yo
u

 n
ee

d
 t

o 
ap

p
ly

 a
 s

p
ec

ia
l p

ri
m

er
 t

o 
st

op
 t

h
e 

ox
id

is
at

io
n

. I
f 

yo
u
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on

’t
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u
se

 a
 s

p
ec

ia
l p

ri
m

er
, t

h
e 

m
et

al
 w

il
l k

ee
p

 r
u

st
in

g 
 

u
n

d
er

n
ea

th
 t

h
e 

p
ai

n
t,

 w
h

ic
h

 w
il

l m
ak

e 
th

e 
p

ai
n

t 
co

m
e 

 
of

f 
af

te
r 

a 
w

h
il

e.
 

C
er

ta
in

 t
yp

es
 o

f 
p

ri
m

er
s 

m
ea

n
t 

to
 s

to
p

 r
u

st
in

g 
st

il
l 

re
q

u
ir

e 
an

ot
h

er
 p

ri
m

er
 t

o 
be

 p
ai

n
te

d
 o

n
 t

op
 o

f 
it

, 
be

fo
re

 y
ou

 c
an

 a
p

p
ly

 t
h

e 
fi

n
al

 c
oa

t 
of

 p
ai

n
t.

 
Y

ou
 h

av
e 

to
 r

ea
d

 t
h

e 
in

st
ru

ct
io

n
s 

fo
r 

th
e 

sp
ec

ifi
c 

p
ro

d
u

ct
 c

ar
ef

u
ll

y 
be

fo
re

 b
u

yi
n

g 
or

 u
si

n
g 

it
. W

h
en

 y
ou

’v
e 

 
ap

p
li

ed
 a

ll
 t

h
e 

re
le

va
n

t 
p

ri
m

er
s,

 y
ou

 c
an

 a
p

p
ly

 y
ou

r 
to

p
  

co
at

 o
f 

p
ai

n
t.

 N
ow

 y
ou

 k
n

ow
 h

ow
 t

o 
fi

x 
ru

st
ed

 t
h

in
gs

  
an

d
 m

ak
e 

th
em

 b
ea

u
ti

fu
l a

ga
in

, i
n

st
ea

d
 o

f 
ju

st
 t

h
ro

w
in

g 
 

th
em

 a
w

ay
!

P
re

se
rv

e 
m
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s 
b

y 
p
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g 
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A
n

sw
er

 t
h

e 
q

u
es

ti
on

s 
be

lo
w

:
1.

 
W

h
at

 m
at

er
ia

ls
 d

o 
yo

u
 n

ee
d

 t
o 

u
se

 w
h

en
 p

ai
n

ti
n

g 
m

et
al

s?

W
ir

e 
br

us
h,

 s
an

dp
ap

er
, p

ri
m

er
 p

ai
nt

, p
ai

nt
 b

ru
sh

es
 a

nd
 p

ai
nt

 f
or

 fi
na

l c
oa

t.

2.
 

W
ri

te
 a

 b
ri

ef
 o

u
tl

in
e 

ex
p

la
in

in
g 

w
h

y 
it

 is
 im

p
or

ta
n

t 
to

 u
se

 a
 p

ri
m

er
 c

oa
t 

w
h

en
 

p
ai

n
ti

n
g 

m
et

al
s.

A
pp

ly
in

g 
a 

pr
im

er
 u

nd
er

ne
at

h 
th

e 
to

p 
co

at
 o

f 
pa

in
t 

wi
ll 

pr
ot

ec
t 

th
e 

m
et

al
 

be
tt

er
 t

ha
n 

a 
co

at
 o

f 
pa

in
t 

al
on

e.
 T

he
 fi

na
l c

oa
t 

of
 p

ai
nt

 w
ill

 s
ti

ck
 (a

dh
er

e)
 

be
tt

er
 t

o 
th

e 
pr

im
er

 t
ha

n 
to

 t
he

 b
ar

e 
m

et
al

. T
he

 p
ri

m
er

 a
ct

s 
as

 a
 g

lu
e 

be
tw

ee
n 

th
e 

ba
re

 m
et

al
 a

nd
 t

he
 fi

na
l c

oa
t 

of
 p

ai
nt

. W
it

ho
ut

 a
 p

ri
m

er
, t

he
 p

ai
nt

 c
ou

ld
 

pe
el

 o
r 

fla
ke

 o
ff

.  
If

 it
 is

 o
ld

 m
et

al
 t

ha
t 

ha
d 

pr
ev

io
us

ly
 r

us
te

d,
 a

pp
lic

at
io

n 
of

 a
 

sp
ec

ia
l a

nt
i-r

us
t 

pr
im

er
 is

 n
ee

de
d 

to
 p

re
ve

nt
 f

ur
th

er
 r

us
ti

ng
.

3.
 

In
 y

ou
r 

ow
n

 w
or

d
s,

 b
ri

ef
ly

 e
xp

la
in

 w
h

y 
bo

at
s 

an
d

 s
h

ip
s 

h
av

e 
to

 b
e 

p
ai

n
te

d
 o

n
 a

 
re

gu
la

r 
ba

si
s.

Bo
at

s 
an

d 
sh

ip
s 

ar
e 

in
 c

on
ta

ct
 w

it
h 

wa
te

r 
m

os
t 

of
 t

he
 t

im
e,

 s
o 

co
rr

os
io

n 
ca

n 

oc
cu

r 
al

l t
he

 t
im

e.
 A

ls
o,

 if
 t

he
y 

ar
e 

in
 t

he
 s

ea
, t

he
re

 a
re

 s
al

ts
 d

is
so

lv
ed

 in
 s

ea
 

wa
te

r,
 a

nd
 t

hi
s 

m
ak

es
 t

he
 c

or
ro

si
on

 h
ap

pe
n 

m
uc

h 
qu

ic
ke

r.
 R

eg
ul

ar
 p

ai
nt

in
g 

wi
ll 

sl
ow

 d
ow

n 
th

e 
co

rr
os

io
n,

 b
ec

au
se

 it
 w

ill
 p

re
ve

nt
 m

et
al

 f
ro

m
 b

ei
ng

 in
 c

on
ta

ct
 

wi
th

 w
at

er
 a

nd
 a

ir
.

Im
po

rt
an

t t
hi

ng
s 

to
 k

ee
p 

in
 m

in
d 

w
he

n 
yo

u 
pa

in
t: 

1.
  A

lw
ay

s 
w

ai
t t

ill 
th

e 
pa

in
t 

yo
u’

ve
 a

pp
lie

d 
is

 c
om

pl
et

el
y 

dr
y 

be
fo

re
 y

ou
 a

pp
ly

 
an

ot
he

r 
co

at
.

2.
 A

lw
ay

s 
m

ak
e 

su
re

 th
at

 th
e 

su
rf

ac
e 

is
 c

le
an

 b
ef

or
e 

yo
u 

pa
in

t i
t. 

Th
er

e 
m

us
t b

e 
no

 d
us

t, 
w

at
er

 o
r 

oi
l o

n 
it.

 
Du

st
, w

at
er

 a
nd

 o
il 

pr
ev

en
t 

pa
in

t f
ro

m
 s

tic
ki

ng
 to

 th
e 

su
rf

ac
e.

4.
 

St
u

d
y 

th
e 

n
u

m
be

re
d

 s
te

p
s 

be
lo

w
. T

h
ey

 g
iv

e 
th

e 
p

ro
ce

ss
 o

f 
p

ai
n

ti
n

g 
m

et
al

s,
 b

u
t 

th
e 

st
ep

s 
in

 t
h

e 
p

ro
ce

ss
 a

re
 n

ot
 in

 t
h

e 
co

rr
ec

t 
or

d
er

. W
ri

te
 d

ow
n

 t
h

e 
n

u
m

be
rs

 o
f 

th
e 

st
ep

s 
in

 t
h

e 
or

d
er

 t
h

at
 t

h
ey

 s
h

ou
ld

 b
e 

d
on

e.
 

1.
  

D
ou

bl
e 

co
at

 w
it

h
 p

ri
m

er
. W

h
en

 s
om

e 
m

et
al

s 
ar

e 
ex

p
os

ed
 t

o 
ox

yg
en

, i
t 

re
su

lt
s 

in
 r

u
st

 o
r 

ox
id

is
at

io
n

. P
ri

m
er

 h
el

p
s 

th
e 

to
p

 c
oa

t 
of

 p
ai

n
t 

to
 s

ti
ck

 t
o 

th
e 

su
rf

ac
e.

 I
t 

al
so

 p
re

ve
n

ts
 o

xi
d

is
at

io
n

, o
r 

at
 

le
as

t 
sl

ow
s 

it
 d

ow
n

. 

2.
   

S
an

d
 d

ow
n

 y
ou

r 
m

et
al

. S
cr

ap
e 

or
 s

an
d

 t
h

e 
su

rf
ac

e 
of

 y
ou

r 
m

et
al

 
to

 e
n

su
re

 a
n

 e
ve

n
 lo

n
ge

r 
la

st
in

g 
an

d
 m

or
e 

d
u

ra
bl

e 
co

at
 o

f 
p

ai
n

t.
 

W
h

en
 t

h
e 

su
rf

ac
e 

of
 t

h
e 

m
et

al
 is

 r
ou

gh
, t

h
e 

p
ai

n
t 

w
il

l s
ti

ck
 t

o 
it

 
be

tt
er

.

3.
  

A
p

p
ly

 a
 z

in
c-

ch
ro

m
at

e 
p

ri
m

er
 i

f 
yo

u
 a

re
 w

or
k

in
g 

w
it

h
 r

u
st

ed
 

m
et

al
. S

cr
ap

e 
al

l t
h

e 
lo

os
e 

ru
st

 a
n

d
 r

es
id

u
al

 d
u

st
 o

ff
 f

ir
st

, t
h

en
 

co
at

 it
 w

it
h

 t
h

is
 s

p
ec

ia
l p

ri
m

er
. 

4.
  

C
le

an
 o

ff
 a

ll
 lo

os
e 

p
ai

n
t,

 d
ir

t,
 g

re
as

e 
an

d
 g

ri
m

e 
fr

om
 t

h
e 

su
rf

ac
e 

of
 y

ou
r 

m
et

al
. I

f 
yo

u
 m

is
s 

th
is

 s
te

p
, y

ou
 w

il
l e

n
d

 u
p

 w
it

h
 a

 c
oa

t 
of

 
p

ai
n

t 
th

at
 w

on
’t

 s
ti

ck
 t

o 
th

e 
m

et
al

 a
n

d
 p

ee
ls

 o
ff

 e
as

il
y.

 E
ve

n
 o

il
s 

on
 t

h
e 

su
rf

ac
e 

th
at

 m
ay

 n
ot

 b
e 

vi
si

bl
e 

w
il

l a
ff

ec
t 

yo
u

r 
p

ai
n

t 
jo

b,
 

so
 g

iv
e 

yo
u

r 
m

et
al

 a
 t

h
or

ou
gh

 r
u

b 
d

ow
n

 e
ve

n
 if

 y
ou

 d
on

’t
 t

h
in

k 
it

 
is

 n
ec

es
sa

ry
.

5.
  

Pa
in

t.
 A

cr
yl

ic
 la

te
x 

p
ai

n
t 

is
 u

su
al

ly
 t

h
e 

be
st

 p
ai

n
t 

to
 u

se
 f

or
 

m
et

al
. A

 c
h

ea
p

 p
ai

n
t 

th
at

 is
 n

ot
 m

ad
e 

es
p

ec
ia

ll
y 

fo
r 

co
at

in
g 

m
et

al
 w

il
l p

ro
ba

bl
y 

ru
b 

of
f.

 T
h

is
 w

il
l r

es
u

lt
 in

 t
h

e 
m

et
al

 r
eq

u
ir

in
g 

a 
n

ew
 c

oa
t 

of
 p

ai
n

t 
a 

lo
t 

so
on

er
. W

or
k 

ca
re

fu
ll

y 
an

d
 a

p
p

ly
 y

ou
r 

p
ai

n
t 

ev
en

ly
 o

n
 t

h
e 

su
rf

ac
e.

6.
  

R
ea

d
 t

h
e 

la
be

ls
. M

ak
e 

su
re

 y
ou

r 
p

ri
m

er
 a

n
d

 y
ou

r 
co

at
 o

f 
p

ai
n

t 
ar

e 
co

m
p

at
ib

le
. I

f 
th

ey
 a

re
 n

ot
, y

ou
r 

p
ai

n
t 

w
il

l n
ot

 s
ti

ck
 t

o 
th

e 
p

ri
m

er
. C

h
ec

k 
th

e 
d

ry
in

g 
ti

m
e 

, s
o 

th
at

 y
ou

 g
iv

e 
en

ou
gh

 t
im

e 
fo

r 
th

e 
p

ri
m

er
 t

o 
d

ry
 b

ef
or

e 
yo

u
 p

u
t 

th
e 

n
ex

t 
la

ye
r 

of
 p

ai
n

t 
on

. 
Pl

an
n

in
g 

ah
ea

d
 is

 a
lw

ay
s 

im
p

or
ta

n
t 

w
h

en
 p

ai
n

ti
n

g.

Th
e 

co
rr

ec
t 

or
de

r 
of

 t
he

 s
te

ps
 is

: 6
; 4

; 2
; 3

; 1
; 5
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 G
al

va
ni

si
ng

 

Fi
gu

re
 6

A
p

ar
t 

fr
om

 p
ai

n
ti

n
g,

 w
e 

ca
n

 a
ls

o 
p

ro
te

ct
 f

er
ro

u
s 

m
et

al
s 

fr
om

 c
or

ro
si

on
 b

y 
ap

p
ly

in
g 

a 
th

in
 c

oa
t 

of
 

zi
n

c.
 T

h
is

 p
ro

ce
ss

 is
 c

al
le

d
 g

al
va

n
is

at
io

n
. 

Z
in

c 
al

so
 c

or
ro

d
es

, b
u

t 
th

e 
zi

n
c 

re
ac

ts
 w

it
h

 t
h

e 
ox

yg
en

, w
at

er
 a

n
d

 c
ar

bo
n

 d
io

xi
d

e 
in

 t
h

e 
ai

r 
an

d
 

tu
rn

s 
in

to
 “

zi
n

c 
ca

rb
on

at
e”

. Z
in

c 
ca

rb
on

at
e 

is
 

q
u

it
e 

to
u

gh
 a

n
d

 c
on

se
q

u
en

tl
y,

 it
 p

ro
te

ct
s 

th
e 

m
et

al
 u

n
d

er
n

ea
th

 it
. I

f 
th

e 
zi

n
c 

ca
rb

on
at

e 
la

ye
r 

ge
ts

 d
am

ag
ed

, m
or

e 
zi

n
c 

ca
rb

on
at

e 
fo

rm
s.

 T
h

is
 

ca
n

 r
ep

ea
t 

u
n

ti
l t

h
er

e 
is

 n
o 

zi
n

c 
le

ft
 o

n
 t

h
e 

m
et

al
. T

h
en

 t
h

e 
m

et
al

 w
il

l s
ta

rt
 t

o 
ru

st
.  

T
h

is
 m

ea
n

s 
th

at
 g

al
va

n
is

at
io

n
 o

n
ly

 s
lo

w
s 

d
ow

n
 

th
e 

co
rr

os
io

n
 o

f 
a 

m
et

al
. I

t 
d

oe
sn

’t
 p

re
ve

n
t 

co
rr

os
io

n
 c

om
p

le
te

ly
. I

f 
yo

u
 n

ee
d

 t
o 

p
ro

te
ct

 
m

et
al

 p
ro

p
er

ly
 f

or
 a

 v
er

y 
lo

n
g 

ti
m

e,
 it

 is
 b

es
t 

to
 

ga
lv

an
is

e 
an

d
 p

ai
n

t 
th

e 
m

et
al

, w
h

ic
h

 is
 w

h
at

 
p

eo
p

le
 d

o 
w

it
h

 c
ar

s 
to

d
ay

.

Th
e 

w
or

d 
ga

lv
an

is
at

io
n 

co
m

es
 fr

om
 L

ui
gi

 G
al

va
ni

’s 
na

m
e.

 H
e 

w
as

 a
n 

Ita
lia

n 
do

ct
or

 a
nd

 s
ci

en
tis

t w
ho

 d
id

 
ex

pe
rim

en
ts

 w
ith

 e
le

ct
ric

 
cu

rr
en

ts
 in

 th
e 

ei
gh

te
en

th
 

ce
nt

ur
y.

T
h

er
e 

ar
e 

tw
o 

w
ay

s 
of

 g
al

va
n

is
in

g 
 m

et
al

. T
h

e 
on

e 
p

ro
ce

ss
 is

 c
al

le
d

 “
h

ot
-d

ip
 

ga
lv

an
is

at
io

n
”.

 T
h

e 
ot

h
er

 p
ro

ce
ss

 is
 c

al
le

d
 “

el
ec

tr
o-

ga
lv

an
is

at
io

n
”.

 
H

ot
-d

ip
 g

al
va

n
is

at
io

n
 m

ea
n

s 
th

at
 t

h
e 

fe
rr

ou
s 

m
et

al
 g

et
s 

d
ip

p
ed

 in
to

 a
 b

at
h

 o
f 

m
ol

te
n

 z
in

c 
at

 
a 

te
m

p
er

at
u

re
 o

f 
46

0 
°C

. W
at

er
 b

oi
ls

 m
or

e 
or

 le
ss

 
at

 1
00

 °
C

, s
o 

yo
u

 c
an

 im
ag

in
e 

h
ow

 h
ot

 t
h

at
 z

in
c 

is
! O

bv
io

u
sl

y,
 y

ou
 n

ee
d

 t
o 

d
o 

th
is

 w
it

h
 t

h
e 

ri
gh

t 
eq

u
ip

m
en

t 
an

d
 s

af
et

y 
m

ea
su

re
s.

 
H

ot
-d

ip
 g

al
va

n
is

at
io

n
 h

as
 t

w
o 

d
efi

n
it

e 
ad

va
n

ta
ge

s:
 it

 is
 r

el
at

iv
el

y 
in

ex
p

en
si

ve
 

an
d

 it
 is

 a
ls

o 
ve

ry
 t

ou
gh

, b
ec

au
se

 t
h

e 
zi

n
c 

la
ye

r 
re

su
lt

in
g 

fr
om

 t
h

is
 p

ro
ce

ss
 is

 t
h

ic
k.

 
T

h
is

 m
ak

es
 it

 s
u

it
ab

le
 f

or
 o

u
td

oo
r 

u
se

, e
ve

n
 o

ve
r 

ex
te

n
d

ed
 p

er
io

d
s 

of
 t

im
e,

 s
u

ch
 

as
 2

0 
to

 5
0 

ye
ar

s.
 B

u
t 

th
er

e 
ar

e 
d

is
ad

va
n

ta
ge

s 
to

o.
 F

ir
st

ly
, t

h
e 

m
et

al
 n

ee
d

s 
to

 g
o 

th
ro

u
gh

 a
 c

om
p

le
x 

p
re

p
ar

at
io

n
 p

ro
ce

ss
 b

ef
or

e 
it

 c
an

 b
e 

d
ip

p
ed

 in
to

 t
h

e 
m

ol
te

n
 

zi
n

c.
 F

ig
u

re
 7

 s
h

ow
s 

th
es

e 
p

ro
ce

ss
es

. I
t 

al
so

 m
ak

es
 t

h
e 

m
et

al
 lo

ok
 d

u
ll

 a
n

d
 t

h
e 

zi
n

c 
co

at
in

g 
is

 n
ot

 t
h

e 
sa

m
e 

th
ic

kn
es

s 
th

ro
u

gh
ou

t.
El

ec
tr

o
-g

al
va

n
is

at
io

n
 m

ea
n

s 
th

at
 t

h
e 

fe
rr

ou
s 

m
et

al
 g

et
s 

co
at

ed
 w

it
h

 z
in

c 
th

ro
u

gh
 a

 p
ro

ce
ss

 c
al

le
d

 e
le

ct
ro

p
la

ti
n

g.
 Y

ou
 w

il
l l

ea
rn

 m
or

e 
ab

ou
t 

el
ec

tr
op

la
ti

n
g 

in
 t

h
e 

n
ex

t 
p

ar
t 

of
 t

h
is

 c
h

ap
te

r.
 F

or
 n

ow
, y

ou
 o

n
ly

 n
ee

d
 t

o 
kn

ow
 t

h
at

 t
h

e 
zi

n
c 

la
ye

r 
p

ro
d

u
ce

d
 b

y 
el

ec
tr

o-
ga

lv
an

is
at

io
n

 is
 t

h
in

n
er

 t
h

an
 t

h
e 

h
ot

-d
ip

 z
in

c 
la

ye
r,

 
an

d
 n

ot
 a

s 
to

u
gh

, b
u

t 
it

 is
 t

h
e 

sa
m

e 
th

ic
kn

es
s 

th
ro

u
gh

ou
t.

 T
h

e 
zi

n
c 

co
at

in
g 

is
 

al
so

 g
en

er
al

ly
 s

h
in

ie
r 

an
d

 e
ve

n
 s

m
al

l o
bj

ec
ts

 c
an

 e
as

il
y 

be
 e

le
ct

ro
-g

al
va

n
is

ed
. 

T
h

is
 m

ea
n

s 
th

at
 e

le
ct

ro
-g

al
va

n
is

ed
 m

et
al

s 
ar

e 
m

or
e 

co
m

m
on

ly
 u

se
d

 in
d

oo
rs

. F
or

 
ou

td
oo

r 
u

se
, i

t 
w

il
l d

efi
n

it
el

y 
h

av
e 

to
 b

e 
p

ai
n

te
d

 t
o 

m
ak

e 
it

 la
st

 lo
n

ge
r.

ca
us

tic
 

cl
ea

ni
ng

rin
si

ng
pi

ck
lin

g
flu

x 
so

lu
tio

n
zi

nc
 b

at
h 

co
ol

in
g

in
sp

ec
tio

n
rin

si
ng

Fi
gu

re
 7

: T
he

 p
ro

ce
ss

es
 th

at
 a

re
 fo

llo
w

ed
 w

he
n 

ho
t-d

ip
 g

al
va

ni
si

ng
 m

et
al

M
ol

te
n:

 w
he

n 
m

et
al

 o
r 

ro
ck

 is
 

in
 li

qu
id

 fo
rm

 b
ec

au
se

 o
f v

er
y 

hi
gh

 te
m

pe
ra

tu
re

.

LB
 p

ag
e 

21
9

LB
 p

ag
e 

22
0
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0
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1

W
h

at
 h

av
e 

yo
u

 le
ar

n
t?

 
LB

 p
. 

22
0

G
al

va
n

is
in

g 
is

 a
 p

ro
ce

ss
 t

h
at

 p
re

ve
n

ts
 c

o
rr

o
si

o
n

. W
h

en
 g

al
va

n
is

in
g 

m
et

al
, 

th
e 

o
b

je
ct

s 
ar

e 
co

at
ed

 w
it

h
 z

in
c.

 T
h

is
 i

s 
re

la
ti

ve
ly

 c
h

ea
p

. T
h

e 
zi

n
c 

an
d

 z
in

c 
ca

rb
o

n
at

e 
la

ye
r 

se
p

ar
at

es
 t

h
e 

ir
o

n
 f

ro
m

 t
h

e 
o

x
yg

en
 a

n
d

 m
o

is
tu

re
. O

b
je

ct
s 

th
at

 
h

av
e 

b
ee

n
 g

al
va

n
is

ed
 a

re
 n

o
t 

co
m

p
le

te
ly

 p
ro

te
ct

ed
 f

ro
m

 r
u

st
. T

h
ey

 o
n

ly
 t

ak
e 

lo
n

ge
r 

to
 r

u
st

. T
o

 p
ro

te
ct

 a
 m

et
al

 c
o

m
p

le
te

ly
, i

t 
is

 b
es

t 
to

 g
al

va
n

is
e 

an
d

 p
ai

n
t 

it
. 

A
n

sw
er

 t
h

e 
q

u
es

ti
on

s 
be

lo
w

:
1.

 
B

ri
ef

ly
 d

is
cu

ss
 t

h
e 

fu
n

ct
io

n
 a

n
d

 p
u

rp
os

e 
of

 g
al

va
n

is
in

g.

Ga
lv

an
is

in
g 

is
 a

pp
lie

d 
to

 f
er

ro
us

 m
et

al
s 

to
 s

lo
w 

do
wn

 c
or

ro
si

on
. T

he
 s

ur
fa

ce
 o

f 

th
e 

zi
nc

 la
ye

r 
co

rr
od

es
 a

nd
 f

or
m

s 
an

 a
lm

os
t 

im
pe

ne
tr

ab
le

 la
ye

r 
of

 z
in

c 

ca
rb

on
at

e.
 T

hi
s 

la
ye

r 
pr

ev
en

ts
 t

he
 f

er
ro

us
 m

et
al

 f
ro

m
 b

ei
ng

 in
 c

on
ta

ct
 w

it
h 

ai
r 

an
d 

m
oi

st
ur

e.

2.
 

W
h

at
 m

et
al

 is
 u

se
d

 t
o 

co
at

 a
n

 o
bj

ec
t 

w
h

en
 g

al
va

n
is

in
g 

it
?

Zi
nc

3.
 

W
h

at
 a

re
 t

h
e 

be
n

ef
it

s 
of

 h
ot

-d
ip

 g
al

va
n

is
at

io
n

? 

H
ot

-d
ip

 g
al

va
ni

sa
ti

on
 is

 a
n 

in
ex

pe
ns

iv
e 

pr
oc

es
s,

 a
nd

 it
 r

es
ul

ts
 in

 t
ou

gh

pr
ot

ec
ti

on
 a

ga
in

st
 c

or
ro

si
on

 t
ha

t 
ca

n 
la

st
 f

or
 a

s 
lo

ng
 a

s 
20

 t
o 

50
 y

ea
rs

ou
td

oo
rs

.

4.
 

W
h

at
 a

re
 t

h
e 

d
is

ad
va

n
ta

ge
s 

of
 h

ot
-d

ip
 g

al
va

n
is

at
io

n
? 

Th
e 

pr
oc

es
s 

in
vo

lv
es

 v
er

y 
hi

gh
 a

nd
 d

an
ge

ro
us

 t
em

pe
ra

tu
re

s,
 it

 d
ul

ls
 t

he
 

m
at

er
ia

l i
t 

is
 u

se
d 

on
, a

nd
 d

oe
s 

no
t 

pr
ov

id
e 

an
 e

ve
n 

la
ye

r 
of

 z
in

c 
on

 t
he

 

m
et

al
 s

ur
fa

ce
. I

t 
pr

od
uc

es
 a

 t
hi

ck
 la

ye
r 

of
 z

in
c 

on
 t

he
 s

ur
fa

ce
 o

f 
th

e 
m

et
al

.

5.
 

N
am

e 
tw

o 
ex

am
p

le
s 

of
 g

al
va

n
is

ed
 p

ro
d

u
ct

s.
 

Co
rr

ug
at

ed
 ir

on
 r

oo
f 

sh
ee

ti
ng

, e
le

ct
ri

ci
ty

 p
ol

es
, c

ar
 b

od
ie

s,
 f

en
ce

 p
os

ts
, 

bu
ck

et
s 

an
d 

ba
th

s,
 ir

on
 n

ai
ls

 a
nd

 s
cr

ew
s.

Yo
u 

ca
n 

as
si

st
 t

he
 le

ar
ne

rs
 w

it
h 

ot
he

r 
an

sw
er

s 
by

 h
av

in
g 

th
em

 t
hi

nk
 a

bo
ut

ou
td

oo
r 

m
et

al
 o

bj
ec

ts
, o

r 
m

et
al

 t
ha

t 
ha

s 
to

 b
e 

pr
ot

ec
te

d 
fr

om
 c

or
ro

si
on

.
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g 

Fi
gu

re
 8

El
ec

tr
op

la
ti

n
g 

co
at

s 
on

e 
m

et
al

 w
it

h
 a

 t
h

in
 la

ye
r 

of
 

an
ot

h
er

 m
et

al
, b

y 
u

si
n

g 
el

ec
tr

ic
it

y 
an

d
 a

 s
ol

u
ti

on
 

th
at

 is
 a

n
 e

le
ct

ro
ly

te
.

El
ec

tr
op

la
ti

n
g 

ca
n

 b
e 

u
se

d
 t

o 
p

ro
te

ct
 m

et
al

 f
ro

m
 

co
rr

os
io

n
. T

h
is

 is
 w

h
y 

so
m

e 
st

ee
l o

bj
ec

ts
 a

re
 

el
ec

tr
o-

ga
lv

an
is

ed
. O

r,
 e

le
ct

ro
p

la
ti

n
g 

ca
n

 b
e 
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 b
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 p
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 c
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 c
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 c
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 c
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 c
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n
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em
 o

nt
o 

th
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 b
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 c
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h
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M
at

er
ia

ls
 r

eq
ui

re
d 

fo
r 

th
is

 c
ha

pt
er

:

In
 s

ec
tio

n 
18

.3
, l

ea
rn

er
s 

w
ill 

co
m

pl
et

e 
a 

pr
ac

tic
al

 ta
sk

. O
n 

pa
ge

s 
23

4 
an

d 
23

6 
th

er
e 

ar
e 

lis
ts

 o
f 

th
e 

eq
ui

pm
en

t a
nd

 c
on

su
m

ab
le

s 
th

ey
 w

ill 
ne

ed
 to

 c
om

pl
et

e 
th

e 
ta

sk
. 

Th
is

 c
ha

pt
er

 in
tro

du
ce

s 
le

ar
ne

rs
 to

 s
om

e 
ba

si
c 

te
ch

no
lo

gi
ca

l p
ro

ce
ss

es
 th

at
 a

re
 u

se
d 

to
 

pr
es

er
ve

 fo
od

. I
n 

th
ei

r 
si

m
pl

es
t f

or
m

, m
an

y 
cu

ltu
re

s,
 o

ve
r 

th
ou

sa
nd

s 
of

 y
ea

rs
, h

av
e 

us
ed

 th
es

e 
pr

oc
es

se
s 

to
 p

re
ve

nt
 th

e 
de

ca
y 

of
 fo

od
. T

od
ay

, t
he

se
 (a

nd
 re

la
te

d 
te

ch
no

lo
gi

es
) f

or
m

 th
e 

ba
si

s 
of

 s
om

e 
of

 th
e 

w
or

ld
’s 

bi
gg

es
t i

nd
us

tr
ie

s 
– 

al
l w

or
ki

ng
 to

 e
xt

en
d 

th
e 

us
ef

ul
 s

he
lf 

lif
e 

of
 th

e 
fo

od
 

pr
od

uc
ts

 w
e 

ea
t. 

 

Se
ct

io
n 

18
.1

 d
ea

ls
 w

ith
 th

e 
pr

es
er

va
tio

n 
of

 g
ra

in
s.

 S
ec

tio
n 

18
.2

 d
ea

ls
 w

ith
 th

e 
pr

es
er

va
tio

n 
of

 m
ai

nl
y 

ve
ge

ta
bl

es
 a

nd
 fi

sh
, a

nd
 S

ec
tio

n 
18

.3
 d

ea
ls

 w
ith

 a
 p

ro
ce

ss
 th

at
 p

re
se

rv
es

 th
e 

us
ef

ul
 

sh
el

f l
ife

 o
f m

ea
t.
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.1

 S
to

ri
ng

 g
ra

in
 

Th
e 

co
nt

en
t o

f t
hi

s 
le

ss
on

 c
ov

er
s 

a 
tr

ad
iti

on
al

, a
s 

w
el

l a
s 

a 
m

od
er

n,
 a

pp
ro

ac
h 

to
 p

re
se

rv
in

g 
gr

ai
n.

 Y
ou

 s
ho

ul
d 

se
t t

he
 s

ce
ne

 fo
r 

th
is

 le
ss

on
 b

y 
ou

tli
ni

ng
 b

rie
fly

 th
e:

• 
im

po
rt

an
ce

 o
f t

he
 te

ch
no

lo
gi

es
 u

se
d 

to
 p

re
se

rv
e 

fo
od

,

• 
im

pa
ct

 th
at

 th
es

e 
te

ch
no

lo
gi

es
 h

av
e 

ha
d 

on
 c

ul
tu

re
 a

nd
 th

e 
na

tu
re

 o
f h

um
an

 s
oc

ie
ty

, a
nd

 

• 
th

e 
ex

te
nt

 o
f h

um
an

 d
ep

en
de

nc
e 

on
 th

es
e 

te
ch

no
lo

gi
es

 to
da

y.

Le
ar

ne
rs

 s
ho

ul
d 

ha
ve

 re
ad

 th
e 

co
nt

en
t o

f t
hi

s 
se

ct
io

n 
be

fo
re

 th
e 

le
ss

on
. Y

ou
 s

ho
ul

d 
as

k 
le

ar
ne

rs
 

qu
es

tio
ns

 a
nd

 a
llo

w
 d

is
cu

ss
io

n 
to

 m
ak

e 
su

re
 th

at
 le

ar
ne

rs
 u

nd
er

st
an

d:

• 
w

ha
t f

ac
to

rs
 li

m
it 

th
e 

na
tu

ra
l g

oo
dn

es
s 

of
 g

ra
in

 a
s 

a 
fo

od
, a

nd

• 
ho

w
 e

ac
h 

of
 th

e 
te

ch
no

lo
gi

ca
l a

pp
ro

ac
he

s 
m

en
tio

ne
d 

in
 th

e 
se

ct
io

n 
m

an
ag

es
 to

 li
m

it 
or

 d
el

ay
 

th
e 

sp
oi

lin
g 

of
 g

ra
in

.

In
 s

om
e 

sc
ho

ol
s,

 it
 m

ay
 b

e 
us

ef
ul

 to
 e

nc
ou

ra
ge

 le
ar

ne
rs

 to
 d

es
cr

ib
e 

ot
he

r 
(p

os
si

bl
y 

lo
ca

l) 
m

et
ho

ds
 o

f g
ra

in
 p

re
se

rv
at

io
n 

w
ith

 w
hi

ch
 th

ey
 a

re
 fa

m
ilia

r. 
If 

th
is

 is
 d

on
e,

 it
 w

ou
ld

 b
e 

im
po

rt
an

t 
to

 g
et

 le
ar

ne
rs

 to
 c

on
si

de
r 

ho
w

 th
os

e 
m

et
ho

ds
 m

an
ag

e 
to

 c
on

tro
l t

he
 fa

ct
or

s 
th

at
 li

m
it 

th
e 

us
ef

ul
 s

he
lf 

lif
e 

of
 g

ra
in

.
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.2

 P
ic

kl
in

g
Le

ar
ne

rs
 b

eg
in

 b
y 

re
ad

in
g 

ab
ou

t p
ic

kl
in

g 
as

 a
 c

om
m

on
 m

et
ho

d 
of

 p
re

se
rv

in
g 

pl
an

t f
oo

ds
, f

is
h,

 
an

d 
po

ss
ib

ly
 s

om
e 

ot
he

r 
fo

rm
s 

of
 p

ro
te

in
. W

ha
t t

he
y 

ar
e 

re
ad

in
g 

al
so

 g
iv

es
 a

 u
se

fu
l c

on
te

xt
 

w
ith

in
 w

hi
ch

 to
 th

in
k 

ab
ou

t t
he

 p
ro

ce
ss

 (s
eq

ue
nc

e 
of

 s
te

ps
) f

ol
lo

w
ed

 to
 ta

ke
 th

e 
fo

od
 fr

om
 

its
 n

at
ur

al
 s

ta
te

 to
 it

s 
pr

es
er

ve
d 

st
at

e.
 O

n 
a 

ho
us

eh
ol

d 
(d

om
es

tic
) l

ev
el

, t
hi

s 
is

 o
fte

n 
ca

lle
d 

“a
 re

ci
pe

”,
 b

ut
 o

n 
an

 in
du

st
ria

l l
ev

el
, o

ne
 fi

nd
s 

si
m

ila
r 

se
qu

en
ce

s 
of

 s
te

ps
 u

se
d 

in
 th

e 
la

rg
e-

sc
al

e 
pr

es
er

va
tio

n 
of

 fo
od

. F
or

 in
st

an
ce

, i
n 

fo
od

 p
ro

ce
ss

in
g 

pl
an

ts
 (f

ac
to

rie
s)

, o
ne

 w
ou

ld
 fi

nd
 

se
qu

en
tia

l p
oi

nt
s 

on
 th

e 
fa

ct
or

y 
flo

or
 w

he
re

 th
e 

fo
od

 a
nd

 o
th

er
 in

gr
ed

ie
nt

s 
ar

e:
  

• 
w

as
he

d,
 

• 
pr

ep
ar

ed
 (c

ut
, c

ru
sh

ed
, s

ki
nn

ed
 e

tc
.),

 

• 
ad

de
d 

to
 o

th
er

 in
gr

ed
ie

nt
s,

 

• 
he

at
ed

 o
r 

co
ol

ed
, 

• 
se

al
ed

 in
 c

on
ta

in
er

s,
 

• 
la

be
lle

d,
 a

nd

• 
pr

ep
ar

ed
 fo

r 
de

liv
er

y.

O
nc

e 
yo

u 
ar

e 
su

re
 th

at
 le

ar
ne

rs
 k

no
w

 w
ha

t p
ic

kl
in

g 
is

 a
nd

 u
nd

er
st

an
d 

th
at

 it
 is

 o
ne

 o
f a

 n
um

be
r 

of
 fo

od
 p

re
se

rv
at

io
n 

te
ch

no
lo

gi
es

 u
se

d 
in

 h
um

an
 s

oc
ie

tie
s,

 m
ov

e 
on

 to
 th

e 
qu

es
tio

ns
 a

t t
he

 e
nd

 
of

 th
e 

se
ct

io
n.

 

Fo
r 

ho
m

ew
or

k,
 le

ar
ne

rs
 s

ho
ul

d 
as

k 
ad

ul
ts

 in
 th

ei
r 

co
m

m
un

ity
 fo

r 
a 

re
ci

pe
 fo

r 
pi

ck
lin

g.
 (T

hi
s 

lin
ks

 
to

 th
e 

cu
rr

ic
ul

um
 o

ut
co

m
e 

of
 p

ro
m

ot
in

g 
in

ge
nu

ou
s 

kn
ow

le
dg

e 
sy

st
em

s.
) T

he
y 

sh
ou

ld
 th

en
 m

ak
e 

a 
lis

t o
f t

he
 in

gr
ed

ie
nt

s 
an

d 
qu

an
tit

ie
s 

(q
ue

st
io

n 
1)

, a
s 

w
el

l a
s 

a 
lis

t o
f t

he
 p

ro
ce

ss
in

g 
st

ep
s 

(2
). 

Le
ar

ne
rs

' a
ns

w
er

s 
w

ill 
de

pe
nd

 o
n 

w
ha

t f
oo

ds
 a

re
 a

va
ila

bl
e 

in
 th

ei
r 

en
vi

ro
nm

en
t, 

cu
ltu

ra
l 

pr
ef

er
en

ce
s,

 a
nd

 c
os

ts
. H

en
ce

, t
he

 e
xa

m
pl

e 
an

sw
er

s 
gi

ve
n 

in
 th

e 
te

ac
he

r 
gu

id
e 

ar
e 

no
t t

he
 o

nl
y 

co
rr

ec
t a

ns
w

er
s.
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 D
ry

in
g 

an
d 

sa
lt

in
g 

Le
ar

ne
rs

 d
o 

a 
pr

ac
tic

al
 ta

sk
 in

 th
is

 s
ec

tio
n.

 T
he

 p
ra

ct
ic

al
 ta

sk
 s

ho
ul

d 
id

ea
lly

 b
e 

co
m

pl
et

ed
 

in
di

vi
du

al
ly.

 H
ow

ev
er

, i
f f

or
 s

om
e 

re
as

on
 g

ro
up

s 
m

us
t b

e 
fo

rm
ed

, t
he

n 
it 

sh
ou

ld
 b

e 
gr

ou
ps

 o
f 

on
ly

 tw
o 

le
ar

ne
rs

 p
er

 g
ro

up
.

Le
ar

ne
rs

 b
eg

in
 b

y 
re

ad
in

g 
a 

sh
or

t i
nt

ro
du

ct
io

n 
to

 d
ry

in
g,

 u
si

ng
 m

ea
t a

s 
an

 e
xa

m
pl

e.
 It

 w
ou

ld
 

be
 u

se
fu

l t
o 

st
ar

t b
y 

gi
vi

ng
 e

ac
h 

le
ar

ne
r 

a 
sm

al
l p

ie
ce

 o
f b

ilt
on

g 
to

 e
xa

m
in

e.
 In

 ta
st

in
g 

it,
 th

ey
 

w
ill 

ce
rt

ai
nl

y 
re

co
gn

is
e 

th
e 

ta
st

e 
of

 s
al

t a
nd

 p
os

si
bl

y 
sp

ic
es

. T
he

 im
po

rt
an

ce
 o

f t
he

se
 e

le
m

en
ts

 
in

 p
re

se
rv

in
g 

fo
od

 h
as

 m
ad

e 
th

em
 e

xt
re

m
el

y 
va

lu
ab

le
 d

ur
in

g 
ce

rt
ai

n 
pe

rio
ds

 o
f h

is
to

ry
. T

he
 

Eu
ro

pe
an

 s
ea

rc
h 

fo
r 

th
e 

so
ur

ce
 o

f c
er

ta
in

 s
pi

ce
s 

w
as

 a
 m

aj
or

 re
as

on
 w

hy
 th

e 
or

ig
in

al
 E

ur
op

ea
n 

se
ttl

er
s 

an
d 

m
an

y 
M

al
ay

 p
eo

pl
e 

en
de

d 
up

 a
t t

he
 C

ap
e 

in
 th

e 
16

th
 a

nd
 1

7t
h 

ce
nt

ur
ie

s.
 

Us
e 

th
is

 in
iti

al
 d

is
cu

ss
io

n 
on

 m
ea

t p
re

se
rv

at
io

n 
to

 in
tro

du
ce

 th
e 

pr
ac

tic
al

 a
ct

iv
ity

 d
es

cr
ib

ed
 o

n 
pa

ge
s 

23
5 

an
d 

23
6.

 It
 is

 im
po

rt
an

t t
ha

t e
ac

h 
le

ar
ne

r 
pr

od
uc

e 
a 

sa
m

pl
e 

of
 p

re
se

rv
ed

 s
pi

na
ch

. 
Yo

ur
 o

rg
an

is
at

io
n 

of
 e

qu
ip

m
en

t s
ho

ul
d 

th
er

ef
or

e 
al

lo
w

 a
ll 

le
ar

ne
rs

 to
 w

as
h,

 p
re

-d
ry

 a
nd

 e
xp

os
e 

th
ei

r 
sa

m
pl

e 
to

 s
un

lig
ht

. T
ha

t m
ea

ns
 th

at
 e

ac
h 

le
ar

ne
r 

w
ill 

ne
ed

 s
pi

na
ch

, p
ap

er
 to

w
el

s,
 a

cc
es

s 
to

 w
at

er
, a

nd
 s

om
e 

ki
nd

 o
f g

rid
 o

n 
w

hi
ch

 to
 d

ry
 th

ei
r 

“p
ro

ce
ss

ed
” 

sp
in

ac
h 

le
af

.

It 
is

 v
ita

l t
ha

t y
ou

, a
s 

te
ac

he
r, 

co
m

pl
et

e 
th

is
 p

ra
ct

ic
al

 ta
sk

 y
ou

rs
el

f b
ef

or
e 

yo
u 

be
gi

n 
pl

an
ni

ng
 

th
is

 le
ss

on
. I

t i
s 

on
ly

 b
y 

do
in

g 
it 

yo
ur

se
lf 

th
at

 y
ou

 w
ill 

kn
ow

:

• 
ho

w
 m

uc
h 

sp
ac

e 
an

d 
ac

ce
ss

 to
 e

qu
ip

m
en

t e
ac

h 
le

ar
ne

r 
w

ill 
ne

ed
,

• 
ho

w
 m

an
y 

pa
pe

r 
to

w
el

s 
ar

e 
ne

ed
ed

 to
 p

ro
ce

ss
 e

ac
h 

pi
ec

e 
of

 s
pi

na
ch

,

• 
ho

w
 m

uc
h 

pr
es

su
re

 to
 e

xe
rt

 o
n 

th
e 

sp
in

ac
h 

w
he

n 
re

m
ov

in
g 

m
oi

st
ur

e,
 a

nd

• 
w

ha
t t

he
 e

ffe
ct

 o
f s

un
lig

ht
 w

ill 
be

 o
n 

th
e 

sp
in

ac
h 

af
te

r 
1,

 2
 a

nd
 3

 d
ay

s 
of

 e
xp

os
ur

e.
 

Yo
u 

ne
ed

 a
 c

le
ar

 id
ea

 o
f w

ha
t t

he
 o

pt
im

um
 d

ur
at

io
n 

of
 e

xp
os

ur
e 

to
 s

un
lig

ht
 is

. I
t w

ill 
be

 o
ne

 o
f 

th
e 

th
in

gs
 le

ar
ne

rs
 w

ill 
de

ci
de

 o
n 

at
 th

e 
en

d 
of

 th
e 

ac
tiv

ity
.

Th
e 

ai
m

 o
f t

hi
s 

ac
tiv

ity
 s

ho
ul

d 
be

 fo
r 

le
ar

ne
rs

 to
 e

st
ab

lis
h 

w
ha

t c
on

st
itu

te
s 

th
e 

m
os

t e
ffe

ct
iv

e 
pr

oc
es

s 
(re

ci
pe

) f
or

 p
ro

du
ci

ng
 d

rie
d 

sp
in

ac
h.

 T
ha

t m
ea

ns
 s

pi
na

ch
 th

at
 c

an
 b

e 
st

or
ed

 fo
r 

so
m

e 
tim

e 
w

ith
ou

t s
po

ilin
g.

 T
hi

s 
w

ill 
m

ea
n 

ex
am

in
in

g 
an

d 
co

m
pa

rin
g 

sa
m

pl
es

 th
at

 h
av

e 
be

en
 e

xp
os

ed
 

to
 s

un
lig

ht
 fo

r 
be

tw
ee

n 
1 

an
d 

3 
da

ys
 to

 s
ee

 w
hi

ch
 d

eg
re

e 
of

 e
xp

os
ur

e 
ha

s 
th

e 
be

st
 e

ffe
ct

.

Th
is

 m
ea

ns
 th

at
 y

ou
r 

pl
an

ni
ng

 m
us

t i
nc

lu
de

:

• 
th

e 
m

an
ag

em
en

t o
f t

he
 p

ra
ct

ic
al

 ta
sk

,

• 
th

e 
or

ga
ni

sa
tio

n 
an

d 
re

co
rd

in
g 

of
 th

e 
sa

m
pl

es
 le

ft 
ou

ts
id

e 
fo

r 
dr

yi
ng

, a
nd

• 
as

si
st

in
g 

le
ar

ne
rs

 w
ith

 th
e 

an
al

ys
is

 o
f t

he
ir 

sa
m

pl
es

 a
nd

 th
e 

cr
ea

tio
n 

of
 a

 re
ci

pe
 fo

r 
th

e 
dr

yi
ng

 o
f s

pi
na

ch
.
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.1

 S
to

ri
ng

 g
ra

in

Fo
od

 b
eg

in
s 

to
 s

p
oi

l t
h

e 
m

om
en

t 
it

 is
 h

ar
ve

st
ed

. F
oo

d
 p

re
se

rv
at

io
n

 h
as

 b
ee

n
 p

ar
t 

of
 a

ll
 c

u
lt

u
re

s 
th

ro
u

gh
ou

t 
h

is
to

ry
. F

oo
d

 p
re

se
rv

at
io

n
 e

n
ab

le
d

 a
n

ci
en

t 
h

u
m

an
s 

to
 li

ve
 in

 o
n

e 
p

la
ce

 a
n

d
 f

or
m

 a
 c

om
m

u
n

it
y.

 T
h

e 
d

is
co

ve
ry

 o
f 

fo
od

 p
re

se
rv

at
io

n
 

m
et

h
od

s 
m

ea
n

t 
th

at
 a

n
ci

en
t 

h
u

m
an

s 
n

o 
lo

n
ge

r 
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 f
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 c
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 d
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ra
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 d
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l f
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 p
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 c
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 d
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 p
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 c
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 m
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 b
e 

ab
le

 t
o 

ea
t 

ev
en

 w
h

en
 t

h
er

e 
w

er
e 

n
o 

cr
op

s 
to

 h
ar

ve
st

 o
r 

w
h

en
 t

h
ey

 c
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e 
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ra
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 d
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s 
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u
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n
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u
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 p
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 c
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 f
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 d
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w
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, f
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 C
h
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a 
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d
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p
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e 
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ra
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.
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d

 m
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 g
ro

w
n

 a
n
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d
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 m
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 d
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e 
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 d
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ra
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g 
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 p
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p
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ra
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h
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 b
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n

 o
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r 
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m
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d
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p
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d
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e 
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 m
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h
od

s 
fo

r 
th
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at
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n
 o
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n
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d

, f
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m
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n
g 
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s.

 G
ra
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 b
y 
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e 
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h
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u
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 c
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 m
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 b
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 c
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er
n 
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l g
ra

in
 s
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A 
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od
 s
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ge
 c
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• 
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 g
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 c
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 d
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pr

ot
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d
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pr

ot
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t g
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 fr
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 r

at
s 
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d 

 
m
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e.

Th
e 

pr
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s 
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ra
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Fi
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t,
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ra
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s 
n

ee
d
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o 
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ed
. S
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 f
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u
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n
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 p
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 b
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g 
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 p
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e 

ca
si

n
g 

is
 in

ed
ib

le
  

an
d

 it
 is

 c
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 c
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 c
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at
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 c
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 c
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 b
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T
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e 
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l m
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 c
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r 
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14
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.
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ow
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 p
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ra
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, b
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t 
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d
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s,
 p
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le
 d
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in
 w

it
h
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h

el
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f 
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e 
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n

. F
ig

u
re

 9
 

sh
ow
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a 
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od

er
n

 g
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in
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ry
in
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m
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h

in
e.
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n
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ly
, t
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e 

d
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ed
 g

ra
in
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ed
. T

h
e 
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u

m
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it
y 

an
d

 
te

m
p

er
at

u
re

 o
f 
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e 

ai
r 

ar
e 

th
e 
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o 
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os

t 
im
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n
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e.

 
W

ar
m

, m
oi

st
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ir
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il
l e

n
co

u
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ge
 b
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te

ri
a 

an
d

 m
ou

ld
 t

o 
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ve
 o

n
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n
d

 d
es

tr
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 t
h

e 
gr

ai
n

, e
ve

n
 if

 t
h

e 
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ai
n
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 b
ee

n
 d

ri
ed

 b
ef

or
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an
d
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l, 
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ry
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ir
 w

il
l h

el
p

 t
o 

ke
ep

 
th
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 f
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Fi
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er

n 
gr

ai
n-
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yin

g 
m
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ne

T
h

er
e 

ar
e 

al
l k

in
d
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of
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ct
s 

th
at

 d
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e 
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n
s,
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w
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n
d

 m
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. M

it
es
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er
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in
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 W
ee
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 a
re

 s
m

al
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ct
s 
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y 
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e 
gr
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n
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h

en
 t

h
e 
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rv

ae
 h

at
ch

, t
h

ey
 e

at
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e 

se
ed

s.
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od

en
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ch
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n
d
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ic

e,
 c

an
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o 
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u

se
 g

re
at

 d
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ag
e 
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in

s.
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h
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 e
at
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e 

am
ou
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f 
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ai

n
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h
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n

ot
 c
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d
. B
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h
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, t
h
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 d
ea

d
ly

 
d
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se
s 

th
at

 c
an

 c
on
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m

in
at

e 
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gr

ai
n
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n

d
 s

p
re

ad
 t

o 
h

u
m

an
s 
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 c

on
su

m
ed
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N

ow
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 c
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in

e 
th

at
 s

to
ri

n
g 

ve
ry
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rg

e 
am

ou
n

ts
 o

f 
gr

ai
n

, f
or

 in
st

an
ce

 in
 

a 
bi

g,
 m

od
er

n
 s

il
o,

 is
 a

 c
om

p
li

ca
te

d
 jo

b,
 b

ec
au

se
 a

ir
 fl

ow
 a

n
d

 t
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p
er

at
u

re
, i

n
se

ct
s 

an
d

 r
od

en
ts

, b
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te
ri

a 
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d
 f

u
n
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 n
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d

 t
o 
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 c
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tr

ol
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d
. B

u
t 
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il
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l 
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n
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 r
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p

u
t 
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e 
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ai

n
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 c
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, d
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, 
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ig
h

t 
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n
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in
er
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n

d
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ee
p
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 in
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 c

oo
l p
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 t
h
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 d
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, w
it

h
 n

o 
d

ir
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t 
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n
li
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t 
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d

en
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r 
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 b
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 o
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f 

m
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 s
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ch
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 b
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 o
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m
ou

ld
. R
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r 
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 n
ot
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 b
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te
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is
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m
fu
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ac
te

ri
a 

to
 p

er
fo

rm
 c
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 t
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 c
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 f
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 f
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 f
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, p
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 b
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 b

ee
r 

h
av

e 
a 

lo
w

 p
H

 le
ve

l. 
Pe

op
le

 t
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 c
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 C
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, c
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, c
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 p
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 p
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 f
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 p
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 p
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 c
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, c
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 c
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 c
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 f
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 f
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 d
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t w
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w
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 d
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, p
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 p
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 d
ill

, a
nd

  

1 
pi

nc
h 

cr
us

he
d 

re
d 

pe
pp

er
 fl

ak
es

.

2.
 

U
si

n
g 

th
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, p
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 p
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p
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 f
ro

m
 s

ta
rt

 t
o 

fi
n

is
h

.

1. 
Th

or
ou

gh
ly

 c
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 b
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 p
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.
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 d
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t d
is

co
lo

ur
 

th
e 

ve
ge

ta
bl

es
 th

e 
w

ay
 

br
ow

n 
vi

ne
ga

r 
w

ou
ld

.
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 c
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liq
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 c
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f 

pi
ck

lin
g 

sa
lt

,
 a

 ¼
 t

ea
sp

oo
n 

dr
ie

d 
di

ll 
an

d 
a 

pi
nc

h 
of

 c
ru

sh
ed

 r
ed

pe
pp

er
 fl

ak
es

.
6.

 H
ea

t 
an

d 
st

ir
 t

he
 b

ri
ne

 o
n 

th
e 

st
ov

e 
un

ti
l i

t 
is

 a
lm

os
t 

bo
ili

ng
 –

 d
o 

N
O

T 
br

in
g

to
 t

he
 b

oi
l.

7.
 P

ou
r 

th
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 c
om

pl
et

el
y 

fu
ll.

8.
 P

ut
 t

he
 li

d 
on

 t
ig

ht
ly

.

3.
 

N
am

e 
an

d
 b

ri
ef

ly
 d
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.
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 p
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 b
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 t
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 b
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 c
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 b
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 d
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 t
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n
d
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 f
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 b
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 h
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e 

m
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 c
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te
n

qu
ic

kl
y 

be
fo

re
 r

ot
ti

ng
. T

he
y 

ha
d 

no
 w

ay
 o

f 
ke

ep
in

g 
fo
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 c
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 m
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p
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e 

m
an

y 
cu

lt
u

re
s 

an
d

 m
et

h
od

s 
of

 f
oo

d
 p

re
se

rv
at

io
n

. 
N

am
e 

on
e 

cu
lt

u
re
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n

d
 f

oo
d

 t
yp

e 
th

ey
 p

re
se

rv
e.
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ef
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 e
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la
in
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h

e 
p

ro
ce
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 t

h
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lt
u

re
 f
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lo

w
s 
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 p
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in
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 f
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d
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e.
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ay
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 p
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ge
ta
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.
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 s

et
tl

er
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es
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ve
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m

ea
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by
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ng
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ci

ng
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 d

ry
in
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.
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T
ip

:
W
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n 
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yi
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e 
m
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ur
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le
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t a
 te

m
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tu
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 th

at
 d

oe
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no
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ly
 a
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 c
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r 
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e 
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Fi
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3
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il
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d
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 f
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h
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er
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if
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a 
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rg

e 
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w
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an
d

• 
p

ap
er
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ow

el
s.
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ll
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 f
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 c
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 c
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p
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 f
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, c
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 p
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ft
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h
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h
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m
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h
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n
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 p
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R
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l s

p
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h
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h
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, c
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n

d
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p
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.
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h
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d
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y 
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h
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 d
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u
n
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l a

ll
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p
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, c
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 d
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d
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p
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h
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 c
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n
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l y

ou
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 t
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h 

an
y 
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w

as
h 

yo
ur

 h
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m
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e 
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 b
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R
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d
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r 
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at
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n
s 

d
u
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 p

ra
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D
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e 
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p
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 d
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 f
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 b
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 c
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 c
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h

e 
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s 
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k 
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 d
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 t
h
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e 
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h 
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ed
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 b
ow

l w
it

h 
fr
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h 

wa
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r 
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em

ov
e 

gr
it

 a
nd

di
rt

 p
ar

ti
cl
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sp

in
ac

h 
on

 a
 p

ap
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ow
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ov

e 
m

oi
st

ur
e.
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d 
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h 
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to

 s
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sa
ge

 s
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 s
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ee
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 o

ut
 m

or
e 
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oi

st
ur

e.

4.
 U

se
d 
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e 
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pe
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l t
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ze

 s
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o 
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m
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e 

m
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e 
m

oi
st

ur
e.

5.
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ut
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n 

a 
si
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 c
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 w
it
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n 
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e 
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.
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e 
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h 
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 c
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ta

in
er
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h
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h
e 
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fe
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 o

f 
th

e 
w
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th

er
 c
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d

it
io
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s 
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ou
r 

d
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g 

p
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e 
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 d
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 d
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ut
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 u
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o 
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m
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 w
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In
d
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e 
w

h
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h
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 t
h

e 
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su
lt

s 
of

 t
h
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 e

xp
er

im
en

t 
w

er
e 

a 
su

cc
es

s 
or

 n
ot

. M
ot

iv
at

e 
yo

u
r 

an
sw

er
.

Ea
ch

 le
ar

ne
r 

wi
ll 

ha
ve

 t
he

ir
 o

wn
 r

es
po

ns
e 

to
 t

hi
s 

qu
es

ti
on

. F
in

d 
ou

t 
wh

os
e

m
et

ho
ds

 w
or

ke
d 

an
d 

th
e 

re
su

lt
s,

 a
nd

 if
 a

ny
 le

ar
ne

r’s
 m

et
ho

d 
fa

ile
d.

 A
sk

 t
he

m
 t

o 

sh
ar

e 
th

ei
r 

ex
pe

ri
en

ce
s 

wi
th

 t
he

 c
la
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.

W
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t 
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ve
 y
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 l
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ou

 h
av

e 
le
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n

t 
h
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 p

eo
p
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n
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in
n
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 d
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p
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n
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 h
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n
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h
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h
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p
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n
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p
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 g
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g 
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d

 d
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g 
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si
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n

g 
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e 
li
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f 
fo
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.

N
ex

t 
w

ee
k

N
ex

t 
w

ee
k,

 y
ou

 w
il

l l
ea

rn
 m

or
e 

ab
ou

t 
re

d
u

ci
n

g,
 r

e-
u

si
n

g 
an

d
 r

ec
yc
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n

g 
p
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o 
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d
u
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 it
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n
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ee
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fe
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 im
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w
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w
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ou
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ea
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 p
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 p
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 c
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 p
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(p
la

st
ic

 s
an

da
ls

), 
co

m
bs

, l
un

ch
 b

ox
es

, a
nd

/o
r 

ge
om

et
ry

 
tr

ia
ng

le
s.

Fi
gu

re
 1

: B
rin

g 
pl

as
tic

 it
em

s 
su

ch
 a

s 
th

es
e 

to
 s

ch
oo

l f
or

 th
is

 w
ee

k’s
 le

ss
on

s.

M
at

er
ia

ls
 r

eq
ui

re
d 

fo
r 

th
is

 c
ha

pt
er

:

Th
is

 c
ha

pt
er

 re
qu

ire
s 

le
ar

ne
rs

 to
 in

ve
st

ig
at

e 
pl

as
tic

s 
by

 h
an

dl
in

g 
an

d 
de

sc
rib

in
g 

ac
tu

al
 p

la
st

ic
 

ob
je

ct
s 

in
 th

e 
cl

as
sr

oo
m

. 

It 
is

 c
rit

ic
al

 th
at

 a
 s

uf
fic

ie
nt

 n
um

be
r 

of
 d

iff
er

en
t p

la
st

ic
 p

ro
du

ct
 s

am
pl

es
 a

re
 c

ol
le

ct
ed

 a
nd

 
br

ou
gh

t t
o 

cl
as

s.
 C

ol
le

ct
io

n 
sh

ou
ld

 s
ta

rt
 a

t l
ea

st
 a

 w
ee

k 
be

fo
re

 th
e 

st
ar

t o
f t

hi
s 

ch
ap

te
r. 

Yo
u 

m
us

t m
on

ito
r 

th
e 

ty
pe

 a
nd

 n
um

be
r 

of
 p

ro
du

ct
s 

ar
riv

in
g 

so
 th

at
 y

ou
 a

re
 a

bl
e 

to
 m

ak
e 

up
 fo

r 
sh

or
ta

ge
s 

of
 a

ny
 p

ar
tic

ul
ar

 ty
pe

s 
of

 p
la

st
ic

s.
 

Th
e 

se
le

ct
io

n 
sh

ou
ld

 in
cl

ud
e 

pl
as

tic
s 

w
ith

 th
e 

fo
llo

w
in

g 
di

ffe
re

nt
 p

ro
pe

rt
ie

s:

1.
 H

ow
 it

 lo
ok

s:

• 
cl

ea
r 

or
 tr
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 c
le

ar
ly

 th
ro

ug
h 

it)
, a

nd

• 
op

aq
ue

 (d
oe

s 
no

t l
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“p

ol
ye

st
er

” 
(lo

ok
 o

n 
th

e 
la

be
ls

 
in

si
de

 th
e 

cl
ot

he
s)

In
 G

ra
de

 8
, l

ea
rn

er
s 

st
ud

ie
d 

th
e 

en
vi

ro
nm

en
ta

l i
m

pa
ct

 o
f p

la
st

ic
 b

ag
s 

an
d 

th
e 

ne
ed

 to
 re

us
e 

or
 

re
cy

cl
e 

th
em

. I
n 

th
is

 c
ha

pt
er

, l
ea

rn
er

s 
fin

d 
ou

t w
ha

t p
la

st
ic

s 
ar

e,
 a

nd
 th

ey
 in

ve
st

ig
at

e 
va

rio
us

 
ty

pe
s 

of
 p

la
st

ic
s 

an
d 

th
ei

r 
pa

rt
ic

ul
ar

 p
ro

pe
rt

ie
s.

 T
hi

s 
is

 im
po

rt
an

t b
ec

au
se

 th
e 

pr
op

er
tie

s 
of

 m
at

er
ia

ls
 d

et
er

m
in

e 
fo

r 
w

hi
ch

 p
ur

po
se

s 
th

os
e 

m
at

er
ia

ls
 c

an
 b

e 
us

ed
, a

nd
 fo

r 
w

hi
ch

 n
ot

. 
Le

ar
ne

rs
 a

re
 a

ls
o 

as
ke

d 
to

 c
on

si
de

r 
w

ha
t h

ap
pe

ns
 to

 th
es

e 
di

ffe
re

nt
 ty

pe
s 

of
 p

la
st

ic
s 

on
ce

 
th

e 
ob

je
ct

s 
ar

e 
no

 lo
ng

er
 w

an
te

d.
 T

he
y 

in
ve

st
ig

at
e 

ty
pe

s 
of

 p
la

st
ic

s 
an

d 
th

e 
im

po
rt

an
ce

 o
f 

id
en

tif
ic

at
io

n 
co

de
s,

 w
hi

ch
 e

na
bl

e 
th

e 
ef

fic
ie

nt
 re

cy
cl

in
g 

of
 m

an
y 

pl
as

tic
s.

LB
 p

ag
e 

23
7
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 t

he
y 

ha
ve

? 
Th

e 
ai

m
 o

f t
hi

s 
le

ss
on

 is
 to

 e
na

bl
e 

le
ar

ne
rs

 to
 p

hy
si

ca
lly

 in
ve

st
ig

at
e 

a 
va

rie
ty

 o
f p

la
st

ic
 p

ro
du

ct
s 

in
 o

rd
er

 to
 fi

nd
 o

ut
 m

or
e 

ab
ou

t w
ha

t p
la

st
ic

s 
ar

e,
 a

nd
 to

 d
is

co
ve

r 
th

e 
am

az
in

g 
an

d 
va

rie
d 

pr
op

er
tie

s 
of

 d
iff

er
en

t t
yp

es
 o

f p
la

st
ic

s.

Le
ar

ne
rs

 s
ho

ul
d 

be
 o

rg
an

is
ed

 in
to

 te
am

s 
of

 th
re

e 
or

 fo
ur

.

In
tr

od
uc

tio
n

O
ne

 w
ay

 o
f i

nt
ro

du
ci

ng
 th

is
 to

pi
c 

m
ig

ht
 b

e 
to

 g
iv

e 
th

e 
te

am
s 

fiv
e 

m
in

ut
es

 to
 re

ad
 p

ag
e 

23
8 

an
d 

th
e 

to
p 

of
 p

ag
e 

23
9.

 T
he

 le
ar

ne
rs

 s
ea

rc
h 

fo
r 

ab
ou

t 6
 k

ey
 fa

ct
s 

ab
ou

t p
la

st
ic

s 
an

d 
re

co
rd

 th
es

e 
us

in
g 

ke
y 

ph
ra

se
s.

 T
he

y 
m

ay
 a

ls
o 

re
co

rd
 a

ny
 q

ue
st

io
ns

 th
at

 a
ris

e 
fro

m
 th

ei
r 

re
ad

in
g.

 Y
ou

 th
en

 
al

lo
w

 te
am

s 
to

 s
ha

re
 th

es
e 

fa
ct

s 
w

ith
 th

e 
w

ho
le

 c
la

ss
, a

nd
 y

ou
 a

ns
w

er
 a

ny
 q

ue
st

io
ns

 th
at

 h
av

e 
ar

is
en

. T
he

 le
ar

ne
rs

 c
an

 a
dd

 to
 th

es
e 

fa
ct

s 
as

 th
ey

 p
ro

ce
ed

 th
ro

ug
h 

th
e 

se
ct

io
ns

 o
n 

pl
as

tic
s.

M
as

te
ri

ng
 v

oc
ab

ul
ar

y 
re

la
tin

g 
to

 th
e 

pr
op

er
tie

s 
of

 p
la

st
ic

s

Tw
el

ve
 p

os
si

bl
e 

pr
op

er
tie

s 
ar

e 
lis

te
d 

on
 p

ag
e 

23
9.

 Y
ou

 c
ou

ld
 in

st
ru

ct
 e

ac
h 

le
ar

ne
r 

in
 a

 te
am

 
to

 le
ar

n 
th

e 
m

ea
ni

ng
s 

of
 th

re
e 

or
 fo

ur
 o

f t
he

se
 w

or
ds

, f
or

 h
om

ew
or

k.
 T

he
 fo

llo
w

in
g 

da
y,

 th
ey

 
sh

ou
ld

 e
xp

la
in

 th
e 

m
ea

ni
ng

s 
of

 th
e 

w
or

ds
 to

 th
e 

re
st

 o
f t

he
ir 

te
am

. I
n 

th
at

 w
ay

, t
he

 m
ea

ni
ng

s 
of

 
al

l p
ro

pe
rt

ie
s 

w
ill 

be
 e

xp
la

in
ed

 w
ith

in
 a

 te
am

.

Le
ar

ne
rs

 a
re

 n
ow

 re
ad

y 
to

 d
o 

th
e 

ac
tiv

ity
 “

In
ve

st
ig

at
e 

pr
op

er
tie

s 
of

 p
la

st
ic

 o
bj

ec
ts

”.
 

Th
e 

pl
as

tic
 p

ro
du

ct
s 

th
at

 h
av

e 
be

en
 c

ol
le

ct
ed

 a
re

 u
se

d 
fo

r 
th

is
 a

ct
iv

ity
. F

ol
lo

w
 th

e 
di

re
ct

io
ns

 
gi

ve
n 

on
 th

e 
to

p 
of

 p
ag

e 
24

0.
 M

ak
e 

su
re

 th
at

 e
ac

h 
te

am
 h

as
 fo

ur
 d

iff
er

en
t t

yp
es

 o
f p

la
st

ic
 

ob
je

ct
s.

 

It 
is

 th
e 

ty
pe

 o
f p

la
st

ic
 u

se
d 

to
 m

ak
e 

th
e 

ob
je

ct
, a

nd
 n

ot
 th

e 
ob

je
ct

 it
se

lf,
 th

at
 is

 b
ei

ng
 

in
ve

st
ig

at
ed

. S
o,

 y
ou

 s
ho

ul
d 

as
k 

ea
ch

 te
am

 to
 s

el
ec

t t
w

o 
of

 th
ei

r 
ob

je
ct

s 
th

at
 h

av
e 

di
ffe

re
nt

 
re

cy
cl

in
g 

co
de

s,
 a

nd
 d

es
cr

ib
e 

th
ei

r 
pr

op
er

tie
s.

Yo
u 

sh
ou

ld
 o

bs
er

ve
 th

e 
ob

je
ct

s 
of

 a
ll 

th
e 

te
am

s.
 In

 s
om

e 
ca

se
s,

 y
ou

 s
ho

ul
d 

te
ll 

a 
te

am
 w

hi
ch

 
tw

o 
of

 th
ei

r 
ob

je
ct

s 
to

 s
el

ec
t f

or
 th

ei
r 

in
ve

st
ig

at
io

n.
 T

hi
s 

is
 to

 m
ak

e 
su

re
 th

at
 th

e 
w

ho
le

 c
la

ss
 

in
ve

st
ig

at
e 

as
 m

an
y 

di
ffe

re
nt

 ty
pe

s 
of

 p
la

st
ic

 (w
ith

 d
iff

er
en

t r
ec

yc
lin

g 
co

de
s)

 a
s 

po
ss

ib
le

.

M
ak

e 
su

re
 th

at
 e

ac
h 

le
ar

ne
r 

is
 in

vo
lv

ed
 a

nd
 th

at
 e

ac
h 

le
ar

ne
r 

re
co

rd
s 

th
e 

an
sw

er
s 

in
 th

ei
r 

no
te

bo
ok

s.
 F

in
al

ly,
 c

he
ck

 th
ei

r 
w

or
k 

an
d 

co
rr

ec
t a

ny
 m

is
co

nc
ep

tio
ns

.
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 T
yp

es
 o

f 
pl

as
ti

c,
 r

ec
yc

li
ng

, 
an

d 
id

en
ti

fi
ca

ti
on

 
  

  
 c

od
es

Th
e 

fir
st

 p
ar

t o
f t

hi
s 

le
ss

on
 in

tro
du

ce
s 

th
e 

tw
o 

m
ai

n 
ty

pe
s 

of
 p

la
st

ic
s,

 n
am

el
y 

th
er

m
os

et
tin

g 
pl

as
tic

s 
an

d 
th

er
m

op
la

st
ic

 p
la

st
ic

s.
 T

hi
s 

is
 re

le
va

nt
 to

 th
e 

se
co

nd
 p

ar
t o

f t
hi

s 
se

ct
io

n,
 o

n 
re

cy
cl

in
g 

pl
as

tic
. T

he
rm

os
et

tin
g 

pl
as

tic
s 

ar
e 

ve
ry

 d
iff

ic
ul

t t
o 

re
cy

cl
e,

 w
he

re
as

 th
er

m
op

la
st

ic
 

pl
as

tic
s 

ca
n 

be
 re

cy
cl

ed
 fa

irl
y 

ea
si

ly.

As
 th

e 
na

m
e 

su
gg

es
ts

, t
he

rm
os

et
tin

g 
pl

as
tic

 c
an

 b
e 

m
ou

ld
ed

 o
nl

y 
on

ce
. T

hi
s 

is
 b

ec
au

se
 w

he
n 

th
e 

pl
as

tic
 is

 b
ei

ng
 m

ad
e,

 c
er

ta
in

 c
he

m
ic

al
 re

ac
tio

ns
 a

re
 u

se
d 

to
 c

au
se

 c
ro

ss
-lin

ks
 to

 fo
rm

 
be

tw
ee

n 
di

ffe
re

nt
 lo

ng
-c

ha
in

 m
ol

ec
ul

es
, i

n 
so

 d
oi

ng
, c

au
si

ng
 th

e 
pl

as
tic

 to
 b

ec
om

e 
ha

rd
er

. 
Th

er
m

os
et

tin
g 

pl
as

tic
s 

do
 n

ot
 s

of
te

n 
an

d 
ch

an
ge

 s
ha

pe
 w

he
n 

th
ey

 a
re

 h
ea

te
d,

 b
ut

 th
ey

 w
ill 

bu
rn

 
if 

th
ey

 a
re

 h
ea

te
d 

en
ou

gh
. T

he
rm

os
et

tin
g 

pl
as

tic
s 

in
cl

ud
e 

po
ly

ur
et

ha
ne

s,
 p

ol
ye

st
er

 re
si

ns
, e

po
xy

 
re

si
ns

, a
nd

 s
yn

th
et

ic
 r

ub
be

r. 
Th

ey
 a

re
 u

se
fu

l f
or

 m
an

uf
ac

tu
rin

g 
he

at
-re

si
st

an
t o

bj
ec

ts
 s

uc
h 

as
 

sa
uc

ep
an

 h
an

dl
es

, k
itc

he
n 

w
or

k 
su

rf
ac

es
 a

nd
 li

gh
t f

itt
in

gs
. 

Th
er

m
op

la
st

ic
 p

la
st

ic
s 

be
co

m
e 

so
ft 

an
d 

pl
ia

bl
e 

w
he

n 
th

ey
 a

re
 h

ea
te

d,
 a

nd
 h

ar
de

n 
w

he
n 

co
ol

ed
. 

Ex
am

pl
es

 in
cl

ud
e 

po
ly

et
hy

le
ne

, p
ol

yp
ro

py
le

ne
, P

VC
, n

yl
on

 (p
ol

ya
m

id
e)

 a
nd

 a
cr

yl
ic

s.
 

Th
er

m
op

la
st

ic
 p

la
st

ic
s 

ca
n 

be
 m

ou
ld

ed
 re

pe
at

ed
ly.

W
hy

 w
e 

ha
ve

 to
 r

ec
yc

le
 p

la
st

ic

Le
ar

ne
rs

 re
ad

 th
e 

te
xt

 o
n 

pa
ge

 2
41

, s
o 

th
at

 th
ey

 c
an

 a
ns

w
er

 th
e 

qu
es

tio
ns

 th
at

 fo
llo

w
 o

n 
it.

D
iff

er
en

t t
yp

es
 o

f p
la

st
ic

 n
ee

d 
di

ff
er

en
t p

ro
ce

ss
es

 to
 r

ec
yc

le
 it

Th
e 

ta
bl

e 
sh

ow
in

g 
th

e 
co

de
s 

fo
r 

di
ffe

re
nt

 ty
pe

s 
of

 p
la

st
ic

s 
sh

ou
ld

 b
e 

ex
pl

ai
ne

d 
to

 th
e 

le
ar

ne
rs

. 
Th

is
 ta

bl
e 

w
ill 

be
 u

se
d 

fo
r 

th
e 

ac
tiv

ity
 in

 s
ec

tio
n 

19
.3

. T
he

 re
cy

cl
in

g 
co

de
 o

f a
 p

la
st

ic
 p

ro
du

ct
 

ca
n 

no
rm

al
ly

 b
e 

fo
un

d 
on

 th
e 

bo
tto

m
 o

f t
he

 p
ro

du
ct

.

19
.3

 W
ha

t 
ha

ve
 y

ou
 l

ea
rn

t?
Th

is
 s

ec
tio

n 
co

ns
is

ts
 o

f f
iv

e 
qu

es
tio

ns
 th

at
 e

na
bl

e 
le

ar
ne

rs
 to

 c
he

ck
 w

ha
t t

he
y 

ha
ve

 le
ar

nt
, a

nd
 

en
ab

le
s 

yo
u 

to
 a

ss
es

s 
th

e 
ex

te
nt

 o
f t

he
ir 

le
ar

ni
ng

. T
he

 q
ue

st
io

ns
 a

ls
o 

re
qu

ire
 c

rit
ic

al
 th

in
ki

ng
: 

le
ar

ne
rs

 h
av

e 
to

 re
co

gn
is

e 
th

at
 c

ho
os

in
g 

a 
ty

pe
 o

f p
la

st
ic

 w
ith

 p
ro

pe
rt

ie
s 

th
at

 a
re

 s
ui

ta
bl

e/
fit

 fo
r 

th
e 

pu
rp

os
e 

of
 th

e 
pr

od
uc

t, 
is

 a
n 

im
po

rt
an

t p
ar

t o
f t

he
 d

es
ig

n 
pr

oc
es

s 
of

 a
ny

 p
la

st
ic

 p
ro

du
ct

.

Le
ar

ne
rs

 s
ho

ul
d 

w
or

k 
in

di
vi

du
al

ly
 d

ur
in

g 
th

is
 a

ct
iv

ity
.

Q
ue

st
io

n 
1 

re
qu

ire
s 

le
ar

ne
rs

 to
 c

om
pl

et
e 

a 
ta

bl
e.

 E
ac

h 
le

ar
ne

r 
sh

ou
ld

 c
om

pl
et

e 
th

e 
ta

bl
e 

fo
r 

th
e 

sa
m

e 
fo

ur
 p

la
st

ic
 o

bj
ec

ts
 th

at
 h

er
 o

r 
hi

s 
te

am
 in

ve
st

ig
at

ed
 in

 s
ec

tio
n 

19
.1
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an
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w
ha
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pr
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do
 t

he
y 

ha
ve

?

U
p

 t
o 

ab
ou

t 
10

0 
ye

ar
s 

ag
o,

 m
os

t 
cl

ot
h

es
 a

s 
w

el
l a

s 
m

an
y 

to
ol

s 
an

d
 a

p
p

li
an

ce
s 

w
er

e 
m

ad
e 

of
 p

la
n

t 
or

 
an

im
al

 m
at

er
ia

ls
, s

u
ch

 a
s 

co
tt

on
, w

oo
l, 

w
oo

d
, a

n
im

al
 

sk
in

, a
n

d
 b

ir
d

 f
ea

th
er

s.
 B

u
t 

th
en

, c
h

em
is

tr
y 

sc
ie

n
ti

st
s 

in
ve

n
te

d
 w

ay
s 

to
 m

ak
e 

sy
n

th
et

ic
 m

at
er

ia
ls

 w
it

h
 

si
m

il
ar

 p
ro

p
er

ti
es

 t
o 

n
at

u
ra

l m
at

er
ia

ls
, a

n
d

 s
om

et
im

es
 

w
it

h
 u

se
fu

l p
ro

p
er

ti
es

 t
h

at
 n

o 
n

at
u

ra
l m

at
er

ia
ls

 h
av

e.
 

M
os

t 
of

 t
h

es
e 

sy
n

th
et

ic
 m

at
er

ia
ls

 a
re

 m
ad

e 
fr

om
 

m
in

er
al

 o
il

, a
n

d
 m

os
t 

of
 t

h
em

 a
re

 c
al

le
d

 p
la

st
ic

s.
 

Sy
n

th
et

ic
 m

at
er

ia
ls

 a
re

 u
su

al
ly

 c
h

ea
p

er
 a

n
d

 li
gh

te
r 

th
an

 n
at

u
ra

l m
at

er
ia

ls
 w

it
h

 t
h

e 
sa

m
e 

p
ro

p
er

ti
es

, 
an

d
 f

ac
to

ri
es

 c
an

 m
ou

ld
 t

h
e 

sy
n

th
et

ic
 m

at
er

ia
ls

 in
to

 
u

n
iq

u
e 

sh
ap

es
. 

R
u

le
rs

 w
er

e 
on

ce
 m

ad
e 

fr
om

 w
oo

d
, b

u
t 

ar
e 

n
ow

 
m

ad
e 

fr
om

 p
la

st
ic

. B
u

ck
et

s 
w

er
e 

fi
rs

t 
m

ad
e 

fr
om

 
w

oo
d

, t
h

en
 f

ro
m

 g
al

va
n

is
ed

 s
te

el
, b

u
t 

n
ow

 t
h

ey
 a

re
 

m
ad

e 
fr

om
 p

la
st

ic
 a

s 
w

el
l. 

M
il

k 
ca

m
e 

in
 h

ea
vy

 g
la

ss
 

bo
tt

le
s 

or
 s

te
el

 c
an

s,
 b

u
t 

n
ow

 c
om

es
 in

 p
la

st
ic

 b
ot

tl
es

. 
R

op
es

 w
er

e 
tw

is
te

d
 f

ro
m

 s
is

al
 p

la
n

t 
fi

br
es

, b
u

t 
m

os
t 

ro
p

es
 a

re
 n

ow
 m

ad
e 

fr
om

 p
la

st
ic

 fi
br

es
. C

ar
s 

w
er

e 
m

ad
e 

m
os

tl
y 

fr
om

 s
te

el
, w

oo
d

 a
n

d
 le

at
h

er
, b

u
t 

n
ow

 
m

an
y 

p
ar

ts
 a

re
 m

ad
e 

fr
om

 p
la

st
ic

s.
 

A
ll

 a
ro

u
n

d
 y

ou
, t

h
er

e 
ar

e 
ob

je
ct

s 
m

ad
e 

of
 d

if
fe

re
n

t 
ty

p
es

 o
f 

p
la

st
ic

. L
oo

k 
at

 y
ou

r 
sh

oe
 s

ol
es

, y
ou

r 
p

en
 a

n
d

 
ru

le
r.

 I
n

 w
in

te
r 

yo
u

 m
ay

 w
ea

r 
a 

fl
ee

cy
 ja

ck
et

 t
h

at
 f

ee
ls

 
li

ke
 w

oo
l. 

T
h

at
 w

oo
ll

y 
su

bs
ta

n
ce

 is
 a

ct
u

al
ly

 m
ad

e 
of

 p
la

st
ic

 fi
br

es
. M

an
y 

cl
ot

h
es

 a
n

d
 m

os
t 

ca
rp

et
s 

ar
e 

m
ad

e 
fr

om
 p

la
st

ic
 fi

br
es

. 
T

h
er

e 
ar

e 
al

so
 d

is
ad

va
n

ta
ge

s 
to

 s
yn

th
et

ic
 m

at
er

ia
ls

. 
Y

ou
 le

ar
n

t 
in

 G
ra

d
e 

8,
 C

h
ap

te
r 

8 
th

at
 m

os
t 

p
la

st
ic

s 
d

o 
n

ot
 b

io
-d

eg
ra

d
e 

as
 n

at
u

ra
l m

at
er

ia
ls

 d
o.

 T
h

is
 m

ea
n

s 
p

la
st

ic
 w

as
te

 la
st

s 
a 

ve
ry

 lo
n

g 
ti

m
e.

W
he

n 
yo

u 
lo

ok
 a

t a
 p

ie
ce

 o
f 

cl
ot

h 
cl

os
el

y 
yo

u 
w

ill 
se

e 
th

at
 

it 
is

 w
ov

en
 fr

om
 m

an
y 

th
in

 
th

re
ad

s,
 li

ke
 v

er
y 

th
in

 p
ie

ce
s 

of
 

ro
pe

. I
f y

ou
 u

se
 a

 m
ic

ro
sc

op
e 

to
 lo

ok
 e

ve
n 

cl
os

er
, y

ou
 w

ill 
se

e 
th

at
 e

ac
h 

th
re

ad
 is

 m
ad

e 
of

 d
iff

er
en

t l
on

g,
 th

in
 p

ie
ce

s 
th

at
 h

oo
k 

or
 tw

is
t i

nt
o 

on
e 

an
ot

he
r. 

Th
es

e 
lo

ng
 a

nd
 v

er
y 

th
in

 p
ie

ce
s 

ar
e 

ca
lle

d 
fib

re
s.

 
In

 th
e 

cl
os

e-
up

 p
ho

to
 b

el
ow

 
yo

u 
ca

n 
se

e 
th

e 
pl

an
t f

ib
re

s 
fro

m
 w

hi
ch

 a
 s

pe
ci

fic
 fa

br
ic

 is
 

m
ad

e.

Fi
gu

re
 2

: C
lo

se
-u

p 
ph

ot
o 

of
 p

la
nt

 
fib

re
s 

th
at

 w
er

e 
sp

un
 a

nd
 w

ov
en

 
to

 m
ak

e 
a 

fa
br

ic

Fi
gu

re
 3

: A
 “f

le
ec

e”
 b

la
nk

et
 is

 
m

ad
e 

fro
m

 fi
br

es
 o

f a
 ty

pe
 o

f 
pl

as
tic

 c
al

le
d 

po
lye

st
er

.

Pl
as

ti
cs

 a
re

 e
xa

m
p

le
s 

of
 p

ol
ym

er
s.

 A
 p

ol
ym

er
 is

 
a 

m
at

er
ia

l t
h

at
 is

 m
ad

e 
fr

om
 m

ol
ec

u
le

s 
th

at
 h

av
e 

ca
rb

on
 a

to
m

s,
 h

yd
ro

ge
n

 a
to

m
s 

an
d

 o
th

er
 a

to
m

s 
jo

in
ed

 
in

 lo
n

g 
ch

ai
n

s.
 C

ot
to

n
, w

oo
l, 

le
at

h
er

, h
ai

r,
 s

ta
rc

h
, w

oo
d

 
an

d
 r

u
bb

er
 a

re
 e

xa
m

p
le

s 
of

 n
at

u
ra

l p
ol

ym
er

s.
 T

h
e 

m
ol

ec
u

le
 c

h
ai

n
s 

jo
in

 t
og

et
h

er
 in

 d
if

fe
re

n
t 

w
ay

s,
 s

o 
th

at
 t

h
er

e 
ar

e 
m

an
y 

d
if

fe
re

n
t 

ki
n

d
s 

of
 p

ol
ym

er
s 

w
it

h
 

d
if

fe
re

n
t 

p
ro

p
er

ti
es

. 
Pl

as
ti

cs
 a

re
 m

an
-m

ad
e 

(s
yn

th
et

ic
) p

ol
ym

er
s.

 T
h

ey
 

ar
e 

m
os

t 
of

te
n

 m
ad

e 
fr

om
 m

in
er

al
 o

il
, b

ec
au

se
 t

h
e 

m
ol

ec
u

le
s 

in
 t

h
is

 o
il

 a
re

 c
h

ai
n

s 
of

 c
ar

bo
n

 a
to

m
s,

 b
u

t 
sh

or
te

r 
ch

ai
n

s 
th

an
 in

 p
la

st
ic

s.
 

D
if

fe
re

nt
 p

ro
pe

rt
ie

s 
of

 p
la

st
ic

s 
D

ep
en

d
in

g 
on

 t
h

e 
ty

p
e 

of
 p

la
st

ic
 a

n
d

 t
h

e 
fo

rm
 in

 w
h

ic
h

 it
 is

 m
ad

e,
 it

 m
ay

 h
av

e 
a 

fe
w

 o
f 

th
e 

fo
ll

ow
in

g 
p

ro
p

er
ti

es
:

• 
Tr

an
sp

ar
en

t 
m

ea
n

s 
yo

u
 c

an
 s

ee
 c

le
ar

ly
 t

h
ro

u
gh

 t
h

e 
p

la
st

ic
.

• 
Tr

an
sl

u
ce

n
t 

m
ea

n
s 

li
gh

t 
ca

n
 s

h
in

e 
th

ro
u

gh
 t

h
e 

p
la

st
ic

 e
ve

n
 t

h
ou

gh
 y

ou
 c

an
’t

 
se

e 
th

ro
u

gh
 it

.
• 

To
u

gh
 m

ea
n

s 
th

e 
p

la
st

ic
 w

il
l n

ot
 b

re
ak

 o
r 

sh
at

te
r 

if
 y

ou
 h

it
 it

 o
r 

d
ro

p
 it

.
• 

El
as

ti
c 

m
ea

n
s 

yo
u

 c
an

 s
tr

et
ch

 t
h

e 
p

la
st

ic
 f

ar
 a

n
d

 it
 w

il
l s

ti
ll

 r
et

u
rn

 t
o 

it
s 

or
ig

in
al

 
sh

ap
e.

 
• 

Fl
ex

ib
le

 m
ea

n
s 

th
e 

p
la

st
ic

 c
an

 b
en

d
 w

it
h

ou
t 

br
ea

ki
n

g.
• 

R
ig

id
 m

ea
n

s 
th

e 
p

la
st

ic
 w

il
l r

es
is

t 
be

n
d

in
g 

an
d

 s
tr

et
ch

in
g,

 b
u

t 
if

 y
ou

 a
p

p
ly

 a
 b

ig
 

en
ou

gh
 f

or
ce

 t
o 

be
n

d
 o

r 
st

re
tc

h
 it

, i
t 

w
il

l b
re

ak
 o

r 
ev

en
 s

h
at

te
r.

• 
H

ea
t-

re
si

st
an

t 
m

ea
n

s 
th

e 
p

la
st

ic
 w

il
l n

ot
 m

el
t 

ea
si

ly
.

• 
Fi

re
-r

es
is

ta
n

t 
m

ea
n

s 
th

e 
p

la
st

ic
 w

il
l n

ot
 b

u
rn

 e
as

il
y.

• 
W

at
er

p
ro

of
 m

ea
n

s 
w

at
er

 w
il

l n
ot

 p
as

s 
th

ro
u

gh
 t

h
e 

p
la

st
ic

.
• 

Fo
am

ed
 m

ea
n

s 
th

e 
p

la
st

ic
 h

as
 b

ee
n

 p
ro

ce
ss

ed
 t

o 
fi

ll
 it

 w
it

h
 s

m
al

l a
ir

 b
u

bb
le

s.
• 

El
ec

tr
ic

al
ly

 i
n

su
la

ti
n

g 
m

ea
n

s 
th

e 
p

la
st

ic
 d

oe
s 

n
ot

 a
ll

ow
 e

le
ct

ri
ci

ty
 t

o 
co

n
d

u
ct

 
th

ro
u

gh
 it

.
• 

T
h

er
m

al
ly

 i
n

su
la

ti
n

g 
m

ea
n

s 
th

e 
p

la
st

ic
 d

oe
s 

n
ot

 a
ll

ow
 h

ea
t 

to
 b

e 
co

n
d

u
ct

ed
 

th
ro

u
gh

 it
 e

as
il

y.
 

In
 m

an
y 

of
 t

h
es

e 
ca

se
s,

 y
ou

 c
an

n
ot

 s
im

p
ly

 s
ay

 t
h

e 
p

la
st

ic
 h

as
 a

 s
p

ec
if

ic
 p

ro
p

er
ty

 
or

 d
oe

s 
n

ot
 h

av
e 

a 
sp

ec
if

ic
 p

ro
p

er
ty

. F
or

 e
xa

m
p

le
, y

ou
 c

an
n

ot
 s

im
p

ly
 s

ay
 a

 t
yp

e 
of

 p
la

st
ic

 is
 f

le
xi

bl
e.

 Y
ou

 n
ee

d
 t

o 
sa

y 
h

ow
 f

le
xi

bl
e 

it
 is

, f
or

 e
xa

m
p

le
 v

er
y 

fl
ex

ib
le

 o
r 

on
ly

 s
li

gh
tl

y 
fl

ex
ib

le
.

Th
e 

w
or

d 
pl

as
tic

 w
as

 
or

ig
in

al
ly

 u
se

d 
to

 d
es

cr
ib

e 
a 

pr
op

er
ty

 th
at

 m
at

er
ia

ls
 

su
ch

 a
s 

ru
bb

er
 h

av
e,

 n
am

el
y 

th
at

 th
ey

 c
an

 b
e 

gi
ve

n 
a 

ne
w

 s
ha

pe
. M

os
t s

yn
th

et
ic

 
po

ly
m

er
s 

ha
ve

 th
is

 p
ro

pe
rt

y,
 

an
d 

th
er

ef
or

e 
th

ey
 w

er
e 

gi
ve

n 
th

e 
na

m
e 

“p
la

st
ic

s”
.

M
ol

ec
ul

es
 a

re
 m

ad
e 

of
 

at
om

s 
th

at
 jo

in
 to

ge
th

er
. Y

ou
 

kn
ow

 fr
om

 N
at

ur
al

 S
ci

en
ce

s 
th

at
 m

ol
ec

ul
es

 a
re

 m
uc

h 
to

o 
sm

al
l t

o 
se

e,
 e

ve
n 

w
ith

 a
 

m
ic

ro
sc

op
e.

LB
 p

ag
e 

23
8

LB
 p

ag
e 

23
9



C
H

A
PT

ER
 1

9:
 P

LA
ST

IC
S

TE
C

H
N

O
LO

G
Y

 G
R

A
D

E 
9 

TE
R

M
 4

31
8

31
9

In
ve

st
ig

at
e 

p
ro

p
er

ti
es

 o
f 

p
la

st
ic

 o
b

je
ct

s 
LB

 p
. 

24
0

W
or

k
 i

n
 t

ea
m

s 
of

 t
h

re
e 

or
 f

ou
r.

Fo
r 

th
is

 a
ct

iv
it

y,
 y

ou
r 

te
ac

h
er

 a
sk

ed
 y

ou
 t

o 
br

in
g 

d
if

fe
re

n
t 

p
la

st
ic

 o
bj

ec
ts

 t
o 

sc
h

oo
l. 

• 
Ea

ch
 t

ea
m

 s
h

ou
ld

 t
ak

e 
tw

o 
of

 t
h

e 
ob

je
ct

s 
an

d
 d

es
cr

ib
e 

th
ei

r 
p

ro
p

er
ti

es
. W

ri
te

 
th

e 
n

am
e 

of
 t

h
e 

ob
je

ct
 a

n
d

 t
h

en
 w

ri
te

 it
s 

p
ro

p
er

ti
es

 n
ex

t 
to

 it
. 

• 
N

ow
 s

w
ap

 y
ou

r 
tw

o 
p

la
st

ic
 o

bj
ec

ts
 w

it
h

 t
h

os
e 

of
 a

n
ot

h
er

 t
ea

m
 t

h
at

 h
av

e 
d

if
fe

re
n

t 
ob

je
ct

s.
 T

h
en

 w
ri

te
 d

ow
n

 t
h

e 
n

am
es

 a
n

d
 p

ro
p

er
ti

es
 o

f 
th

e 
ot

h
er

 t
ea

m
’s

 
ob

je
ct

s.

19
.2

 T
yp

es
 o

f 
pl

as
ti

c,
 r

ec
yc

li
ng

, 
an

d 
id

en
ti

fi
ca

ti
on

 c
od

es

Th
er

m
op

la
st

ic
 a

nd
 t

he
rm

os
et

ti
ng

 p
la

st
ic

s 
T

h
e 

ra
w

 m
at

er
ia

ls
 f

ro
m

 w
h

ic
h

 m
an

y 
p

la
st

ic
 p

ro
d

u
ct

s 
ar

e 
m

ad
e,

 a
re

 li
q

u
id

s 
or

 s
of

t 
m

at
er

ia
ls

 t
h

at
 c

an
 b

e 
st

ir
re

d
, s

im
il

ar
 t

o 
gl

u
e 

or
 c

la
y.

 W
h

en
 t

h
es

e 
m

at
er

ia
ls

 a
re

 
h

ea
te

d
 a

n
d

/o
r 

m
ix

ed
 w

it
h

 o
th

er
 c

h
em

ic
al

s,
 t

h
ey

 “
se

t”
 o

r 
be

co
m

e 
h

ar
d

 a
n

d
 r

ig
id

. 
A

ft
er

 t
h

ey
 s

et
, y

ou
 c

an
n

ot
 m

ak
e 

th
em

 s
of

t 
ag

ai
n

 b
y 

h
ea

ti
n

g 
th

em
. S

o 
yo

u
 c

an
n

ot
 

sh
ap

e 
th

em
 in

to
 n

ew
 p

ro
d

u
ct

s.
 T

h
ey

 w
il

l b
u

rn
, b

u
t 

n
ot

 t
u

rn
 s

of
t 

ag
ai

n
. P

la
st

ic
 s

u
ch

 
as

 t
h

is
 is

 c
al

le
d

 t
h

er
m

os
et

ti
n

g 
p

la
st

ic
. 

Ex
am

p
le

s 
ar

e 
ep

ox
y-

re
si

n
 g

lu
e,

 s
h

oe
 s

ol
es

, c
ar

 
ty

re
s,

 e
le

ct
ri

ca
l p

lu
gs

, p
ot

 h
an

d
le

s,
 e

le
ct

ro
n

ic
 c

ir
cu

it
 

bo
ar

d
s,

 a
n

d
 k

it
ch

en
 w

or
kt

op
s.

 T
h

er
m

os
et

ti
n

g 
p

la
st

ic
s 

ca
n

n
ot

 b
e 

re
cy

cl
ed

 b
y 

si
m

p
ly

 r
eh

ea
ti

n
g 

th
em

. T
h

ey
 

ca
n

, h
ow

ev
er

, b
e 

tu
rn

ed
 b

ac
k 

in
to

 o
il

 t
h

ro
u

gh
 a

 h
ig

h
-

te
m

p
er

at
u

re
 c

h
em

ic
al

 p
ro

ce
ss

 c
al

le
d

 “
p

yr
ol

ys
is

”.
O

th
er

 p
la

st
ic

s 
m

el
t 

w
h

en
 t

h
ey

 a
re

 h
ea

te
d

, a
n

d
 

ca
n

 t
h

en
 b

e 
sh

ap
ed

 in
to

 n
ew

 p
ro

d
u

ct
s.

 T
h

es
e 

ar
e 

ca
ll

ed
 t

h
er

m
op

la
st

ic
 p

la
st

ic
. C

ol
d

 d
ri

n
k 

bo
tt

le
s 

an
d

 
d

et
er

ge
n

t 
bo

tt
le

s 
ar

e 
th

er
m

op
la

st
ic

. I
f 

yo
u

 p
ou

r 
bo

il
in

g 
w

at
er

 in
to

 it
 y

ou
 c

an
 c

h
an

ge
 t

h
e 

sh
ap

es
. 

W
hy

 w
e 

ha
ve

 t
o 

re
cy

cl
e 

pl
as

ti
c

W
as

te
 p

la
st

ic
 in

 t
h

e 
en

vi
ro

n
m

en
t 

is
 a

 b
ig

 p
ro

bl
em

. M
os

t 
ty

p
es

 o
f 

p
la

st
ic

 w
il

l n
ot

 
bi

o-
d

eg
ra

d
e,

 b
u

t 
w

il
l l

as
t 

fo
r 

h
u

n
d

re
d

s 
of

 y
ea

rs
. 

La
n

d
fi

ll
s 

ar
e 

u
su

al
ly

 n
ea

r 
ci

ti
es

 s
o 

th
at

 g
ar

ba
ge

 t
ru

ck
s 

d
on

’t
 h

av
e 

to
 t

ra
ve

l t
oo

 f
ar

 
to

 d
u

m
p

 t
h

e 
w

as
te

. B
u

t 
th

at
 m

ea
n

s 
p

eo
p

le
 c

an
 n

ev
er

 b
u

il
d

 h
ou

se
s 

on
 t

h
at

 la
n

d
 o

r 
gr

ow
 c

ro
p

s 
on

 it
. 

A
n

y 
m

at
er

ia
ls

 t
h

at
 g

o 
in

to
 a

 la
n

d
fi

ll
 

w
il

l n
ev

er
 b

e 
u

se
d

 a
ga

in
. I

n
st

ea
d

, 
p

eo
p

le
 w

il
l n

ee
d

 t
o 

ex
tr

ac
t 

m
or

e 
ra

w
 

m
at

er
ia

ls
 s

u
ch

 a
s 

oi
l, 

co
al

, s
te

el
, w

oo
d

 
or

 g
la

ss
 f

ro
m

 t
h

e 
ea

rt
h

. T
h

en
 t

h
ey

 w
il

l 
bu

rn
 m

or
e 

co
al

 t
o 

ge
n

er
at

e 
el

ec
tr

ic
it

y 
in

 o
rd

er
 t

o 
p

ro
ce

ss
 t

h
e 

ra
w

 m
at

er
ia

ls
. 

N
ot

 a
ll

 p
la

st
ic

s 
go

 in
to

 la
n

d
fi

ll
s,

 
th

ou
gh

. A
 lo

t 
of

 p
la

st
ic

 ju
st

 r
em

ai
n

s 
w

h
er

e 
so

m
eo

n
e 

h
as

 t
os

se
d

 it
, o

r 
is

 
d

u
m

p
ed

 in
to

 r
iv

er
s 

an
d

 t
h

en
 g

oe
s 

in
to

 t
h

e 
oc

ea
n

. 

Sa
fe

ty
 w

ar
ni

ng
: 

W
ea

r 
pr

ot
ec

tiv
e 

he
at

-re
si

st
an

t 
gl

ov
es

, p
ro

te
ct

iv
e 

gl
as

se
s 

an
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 b

e 
ad

de
d 

to
 la

te
r, 

bu
t i

n 
its

 e
ar

lie
st

 fo
rm

 it
 s

ho
ul

d 
sa

y 
so

m
et

hi
ng

 li
ke

 
th

is
: “

Us
e 

w
as

te
 p

la
st

ic
 to

 m
ak

e 
an

 e
xe

rc
is

e 
w

he
el

 fo
r 

a 
pe

t m
ou

se
. T

he
 m

ou
se

 m
us

t b
e 

ab
le

 to
 c

lim
b 

on
 a

nd
 o

ff 
th

e 
w

he
el

 o
n 

hi
s 

ow
n.

”

W
ee

k 
2

Ea
ch

 le
ar

ne
r 

no
w

 h
as

 a
 d

es
ig

n 
br

ie
f t

o 
w

or
k 

to
w

ar
ds

.

In
it

ia
l 

ro
ug

h 
de

si
gn

 s
ke

tc
he

s 
(3

0 
m

in
ut

es
)

Dr
aw

in
g 

in
iti

al
 ro

ug
h 

de
si

gn
 s

ke
tc

he
s 

is
 a

 w
ay

 fo
r 

le
ar

ne
rs

 to
 id

en
tif

y 
al

l o
f t

he
 “d

es
ig

n 
is

su
es

” 
re

la
te

d 
to

 th
ei

r 
de

si
gn

 b
rie

f. 
Th

ey
 c

om
m

un
ic

at
e 

th
ei

r 
th

ou
gh

ts
 o

n 
th

e 
“d

es
ig

n 
is

su
es

” 
th

ro
ug

h 
th

e 
ro

ug
h 

de
si

gn
 s

ke
tc

he
s 

th
ey

 d
ra

w,
 a

nd
 th

e 
la

be
ls

 a
nd

 n
ot

es
 th

at
 a

dd
 to

 th
es

e 
sk

et
ch

es
.

In
 th

e 
ca

se
 o

f t
he

 e
xa

m
pl

e 
of

 a
 d

es
ig

n 
br

ie
f g

iv
en

 e
ar

lie
r 

(a
n 

ex
er

ci
se

 w
he

el
 fo

r 
a 

pe
t m

ou
se

), 
th

e 
de

si
gn

 is
su

es
 m

ig
ht

 in
cl

ud
e:

• 
Ho

w
 b

ig
 a

 w
he

el
 w

ill 
a 

m
ou

se
 n

ee
d?

• 
W

ha
t w

as
te

 p
la

st
ic

 o
bj

ec
t c

ou
ld

 b
e 

us
ed

 to
 m

ak
e 

th
e 

ex
er

ci
se

 w
he

el
?

• 
W

ha
t f

ra
m

e 
w

ill 
th

e 
w

he
el

 tu
rn

 o
n?

 W
ha

t w
ill 

th
e 

fr
am

e 
be

 m
ad

e 
of

? 
 

• 
Ho

w
 w

ill 
th

e 
m

ou
se

 g
et

 o
n 

an
d 

of
f t

he
 w

he
el

? 
 

• 
Ho

w
 c

an
 w

e 
m

ak
e 

su
re

 th
at

 th
e 

w
he

el
 tu

rn
s 

sm
oo

th
ly

 o
n 

th
e 

fr
am

e?
 

W
hi

le
 le

ar
ne

rs
 tr

y 
to

 id
en

tif
y 

th
es

e 
is

su
es

, y
ou

 s
ho

ul
d 

m
ov

e 
ar

ou
nd

 th
e 

cl
as

s 
di

sc
us

si
ng

 th
em

 
w

ith
 in

di
vi

du
al

 le
ar

ne
rs

.

Le
ar

ne
rs

 m
us

t r
ec

or
d 

th
es

e 
is

su
es

 b
y 

ad
di

ng
 la

be
ls

 to
 th

ei
r 

ro
ug

h 
de

si
gn

 s
ke

tc
he

s,
 a

nd
 b

y 
m

ak
in

g 
no

te
s 

on
 th

e 
si

de
 w

he
re

 n
ec

es
sa

ry
. 

Fo
r 

ho
m

ew
or

k,
 le

ar
ne

rs
 s

ho
ul

d 
dr

aw
 m

or
e 

de
si

gn
 s

ke
tc

he
s 

to
: 

• 
sh

ow
 d

iff
er

en
t d

et
ai

ls
 o

f t
he

ir 
de

si
gn

, 

• 
sh

ow
 im

pr
ov

em
en

ts
 to

 th
ei

r 
in

iti
al

 d
es

ig
n,

 

• 
gi

ve
 m

or
e 

cl
ea

r 
sp

ec
ifi

ca
tio

ns
 to

 re
so

lv
e 

th
e 

“d
es

ig
n 

is
su

es
”,

 a
nd

• 
ad

d 
di

m
en

si
on

s 
to

 th
ei

r 
de

si
gn

 s
ke

tc
he

s.

By
 th

e 
en

d 
of

 th
e 

ho
m

ew
or

k 
se

ct
io

n,
 le

ar
ne

rs
 m

us
t h

av
e 

re
fin

ed
 th

ei
r 

de
si

gn
s 

to
 th

e 
po

in
t w

he
re

 
th

ey
 th

in
k 

it 
w

ill 
w

or
k.

Le
ar

ne
rs

 m
us

t k
ee

p 
al

l o
f t

he
 m

at
er

ia
l p

ro
du

ce
d 

fo
r 

th
is

 h
om

ew
or

k 
in

 th
ei

r 
re

co
rd

 o
f t

he
 

de
si

gn
’s

 d
ev

el
op

m
en

t.

Fi
na

l 
or

th
og

ra
ph

ic
 d

ra
w

in
g 

(3
0 

m
in

ut
es

)
Du

rin
g 

th
is

 le
ss

on
, l

ea
rn

er
s 

m
ak

e 
w

or
ki

ng
 (o

rt
ho

gr
ap

hi
c)

 d
ra

w
in

gs
 b

as
ed

 o
n 

th
ei

r 
ne

w
es

t d
es

ig
n 

sk
et

ch
es

. I
n 

m
os

t c
as

es
, l

ea
rn

er
s 

w
ill 

on
ly

 n
ee

d 
to

 d
ra

w
 a

 fr
on

t a
nd

 a
 to

p 
vi

ew
. 

Th
e 

dr
aw

in
g 

ne
ed

s 
to

 b
e 

to
 s

ca
le

. T
ha

t w
ill 

m
ak

e 
it 

po
ss

ib
le

 to
 u

se
 th

e 
dr

aw
in

g 
to

 m
ak

e 
de

ci
si

on
s 

ab
ou

t h
ow

 p
ar

ts
 w

ill 
fit

 to
ge

th
er

, a
nd

 w
he

th
er

 it
 is

 p
os

si
bl

e 
fo

r 
a 

lo
ad

 (l
ik

e 
th

e 
m

ou
se

) 
to

 b
e 

ca
rr

ie
d 

by
 th

e 
st

ru
ct

ur
e 

or
 m

ac
hi

ne
.

Ti
tle

s,
 d

im
en

si
on

s 
an

d 
la

be
ls

 m
us

t b
e 

in
cl

ud
ed

.

As
 le

ar
ne

rs
 b

eg
in

 w
ith

 th
ei

r 
w

or
ki

ng
 d

ra
w

in
gs

, t
he

y 
w

ill 
be

co
m

e 
aw

ar
e 

of
 n

ew
 p

ro
bl

em
s 

fa
ce

d 
by

 th
ei

r 
de

si
gn

. T
hi

s 
is

 n
or

m
al

, a
nd

 c
ha

ng
es

 to
 th

e 
or

th
og

ra
ph

ic
 v

ie
w

s 
w

ill 
ne

ed
 to

 b
e 

m
ad

e 
in

 
su

ch
 c

as
es

. H
ow

ev
er

, t
hi

s 
m

ea
ns

 th
at

 th
is

 s
ec

tio
n 

of
 th

e 
w

or
k 

m
ay

 ta
ke

 lo
ng

er
 to

 c
om

pl
et

e 
an

d 
m

ay
 s

pi
ll 

ov
er

 in
to

 th
e 

ne
xt

 s
ec

tio
n.

  

Th
is

 is
 a

n 
im

po
rt

an
t p

ha
se

 in
 th

e 
de

si
gn

. Y
ou

 s
ho

ul
d 

m
ov

e 
an

d 
in

te
ra

ct
 w

ith
 le

ar
ne

rs
, 

co
ns

id
er

in
g 

th
ei

r 
w

or
k 

an
d 

ge
tti

ng
 th

em
 to

 th
in

k 
ab

ou
t t

he
ir 

de
si

gn
s.

N
B:

 Y
ou

 m
us

t c
ol

le
ct

 le
ar

ne
rs

’ w
or

ki
ng

 d
ra

w
in

gs
 a

nd
 g

ive
 le

ar
ne

rs
 fe

ed
ba

ck
 o

n 
it,

 b
ef

or
e 

th
e 

le
ar

ne
rs

 s
ta

rt
 m

ak
in

g 
th

ei
r 

pr
od

uc
ts

 in
 w

ee
k 

3.

Pr
ac

ti
se

 m
ar

ki
ng

 o
ut

, 
cu

tt
in

g 
an

d 
m

ak
in

g 
ho

le
s 

(6
0 

m
in

ut
es

)
In

 th
is

 s
ec

tio
n,

 le
ar

ne
rs

 p
ra

ct
is

e 
w

or
ki

ng
 w

ith
 p

la
st

ic
s 

an
d 

to
ol

s 
in

 a
 s

af
e,

 a
cc

ur
at

e 
an

d 
ne

at
 

w
ay

. Y
ou

 n
ee

d 
to

 s
up

er
vis

e 
th

is
 c

ar
ef

ul
ly 

to
 e

ns
ur

e 
th

e 
sa

fe
ty

 o
f t

he
 le

ar
ne

rs
.

At
 th

e 
en

d 
of

 th
is

 le
ss

on
, l

ea
rn

er
s 

m
us

t m
ak

e 
a 

lis
t o

f t
he

 m
at

er
ia

ls
 th

at
 th

ey
 n

ee
d 

to
 m

ak
e 

th
ei

r 
de

si
gn

. I
f t

he
re

 a
re

 a
ny

 m
at

er
ia

ls
 th

at
 th

ey
 d

o 
no

t y
et

 h
av

e,
 th

ei
r h

om
ew

or
k 

fo
r 

th
e 

ne
xt

 w
ee

k 
is

 
to

 c
ol

le
ct

 th
os

e 
m

at
er

ia
ls

 a
nd

 b
rin

g 
th

em
 to

 s
ch

oo
l. 

If 
th

ey
 d

o 
no

t d
o 

th
at

, t
he

y 
w

ill 
no

t b
e 

ab
le

 to
 c

om
pl

et
e 

th
ei

r 
m

od
el

s 
in

 th
e 

ne
xt

 w
ee

k.
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H

A
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PA

T:
 R

ED
U

C
E,

 R
E-

U
SE

 A
N

D
 R

EC
Y

C
LE

: 
  

  
  

  
  

  
  

  
 W

O
R

K
IN

G
 W

IT
H

 P
LA

ST
IC

S 
33

9
TE

C
H

N
O

LO
G

Y
 G

R
A

D
E 

9 
TE

R
M

 4
33

8W
ee

k 
3

M
ak

e 
th

e 
pr

od
uc

t 
yo

u 
de

si
gn

ed
 

(9
0 

m
in

ut
es

)
Le

ar
ne

rs
 a

re
 n

ow
 a

t t
he

 s
ta

ge
 w

he
re

 th
ey

 b
eg

in
 to

 m
ak

e 
th

e 
so

lu
tio

ns
 to

 th
ei

r 
de

si
gn

 b
rie

f. 
By

 
th

is
 s

ta
ge

, t
he

y 
w

ill 
al

re
ad

y 
ha

ve
 g

at
he

re
d 

th
e 

m
at

er
ia

ls
 th

ey
 n

ee
d.

 

Yo
u,

 h
ow

ev
er

, s
ho

ul
d 

en
su

re
 th

at
 a

ll 
th

e 
ne

ce
ss

ar
y 

to
ol

s 
ar

e 
av

ai
la

bl
e.

Le
ar

ne
rs

 im
m

ed
ia

te
ly

 s
ta

rt
 w

ith
 m

ak
in

g 
th

ei
r 

de
si

gn
s 

at
 th

e 
be

gi
nn

in
g 

of
 th

is
 w

ee
k.

Yo
u 

m
us

t m
ak

e 
pr

ov
is

io
n 

fo
r 

th
e 

la
be

llin
g 

an
d 

sa
fe

 s
to

ra
ge

 o
f l

ea
rn

er
s’

 w
or

k 
be

tw
ee

n 
le

ss
on

s.
 

Yo
u 

sh
ou

ld
 e

xp
ec

t l
ea

rn
er

s’
 d

es
ig

ns
 to

 c
ha

ng
e 

th
ro

ug
ho

ut
 th

is
 s

ta
ge

. M
ak

in
g 

th
e 

pr
od

uc
t h

as
 

th
e 

ef
fe

ct
 o

f s
ho

w
in

g 
th

e 
de

si
gn

er
 fl

aw
s 

th
at

 w
er

e 
no

t p
re

vi
ou

sl
y 

ob
vi

ou
s.

 L
ea

rn
er

s 
m

us
t r

ec
or

d 
th

ei
r 

or
ig

in
al

 d
es

ig
ns

 a
s 

w
el

l a
s 

th
e 

ch
an

ge
s 

to
 it

, s
o 

th
at

 th
e 

te
ac

he
r 

ca
n 

se
e 

th
e 

pr
og

re
ss

/
im

pr
ov

em
en

t o
f t

he
 d

es
ig

n.

He
lp

 le
ar

ne
rs

 to
 s

tr
uc

tu
re

 th
ei

r 
w

or
k 

so
 th

at
 th

ey
 d

o 
no

t r
un

 o
ut

 o
f t

im
e.

 In
si

st
 th

at
 th

e 
la

st
 

10
 m

in
ut

es
 a

re
 u

se
d 

to
 fi

ni
sh

 o
ff 

an
d 

cl
ea

n 
w

or
ks

pa
ce

s.
 B

y 
th

e 
en

d 
of

 th
e 

90
 m

in
ut

es
, a

ll 
le

ar
ne

rs
 m

us
t h

av
e 

co
m

pl
et

ed
 th

e 
m

ak
in

g 
of

 th
ei

r 
de

si
gn

s.

In
fo

rm
 le

ar
ne

rs
 th

at
 th

ei
r 

re
co

rd
 o

f w
or

k 
fo

r 
th

e 
pr

ev
io

us
 th

re
e 

w
ee

ks
 (t

he
ir 

de
si

gn
 “

po
rt

fo
lio

”) 
m

us
t b

e 
ha

nd
ed

 in
 to

 y
ou

 a
t t

he
 s

ta
rt

 o
f t

he
 n

ex
t l

es
so

n.
 T

hi
s 

in
cl

ud
es

 th
ei

r 
m

ad
e 

pr
od

uc
t. 

Yo
u 

w
ill 

as
se

ss
 th

ei
r 

w
or

k 
in

 th
e 

w
ay

 th
at

 is
 s

ho
w

n 
on

 th
e 

bo
tto

m
 o

f p
ag

e 
25

3.
 

W
ha

t 
ha

ve
 y

ou
 l

ea
rn

t 
du

ri
ng

 t
hi

s 
te

rm
? 

(3
0 

m
in

ut
es

)
Le

ar
ne

rs
 a

ns
w

er
 q

ue
st

io
ns

 th
at

 fo
rc

e 
th

em
 to

 re
fle

ct
 o

n 
ev

er
yt

hi
ng

 th
at

 th
ey

 le
ar

nt
 a

bo
ut

 d
ur

in
g 

th
is

 te
rm

.

R
ed

uc
e,

 r
e-

us
e,

 r
ec

yc
le

In
 G

ra
de

 8
 T

er
m

 4
, y

ou
 le

ar
nt

 th
at

 th
e 

en
vi

ro
nm

en
t i

s 
da

m
ag

ed
 w

he
n 

m
or

e 
an

d 
m

or
e 

th
in

gs
 a

re
 

m
ad

e 
an

d 
th

ro
w

n 
aw

ay
. Y

ou
 le

ar
nt

 th
at

 w
as

te
 is

 fo
rm

ed
 in

 o
rd

er
 to

 m
ak

e 
ne

w
 p

ro
du

ct
s,

 a
nd

 
th

at
 th

e 
pr

od
uc

ts
 th

em
se

lv
es

 b
ec

om
e 

w
as

te
 w

he
n 

th
ey

 a
re

 th
ro

w
n 

aw
ay

. Y
ou

 c
an

 re
du

ce
 th

e 
ne

ga
tiv

e 
im

pa
ct

 o
f t

hi
s 

pr
ac

tic
e 

on
 th

e 
en

vi
ro

nm
en

t i
n 

di
ffe

re
nt

 w
ay

s:

Fi
rs

tly
, y

ou
 c

an
 b

uy
 fe

w
er

 th
in

gs
, w

hi
ch

 is
 c

al
le

d 
re

du
ci

ng
 y

ou
r 

co
ns

um
pt

io
n.

 

Se
co

nd
ly,

 y
ou

 c
an

 u
se

 s
om

e 
th

in
gs

 o
ve

r 
an

d 
ov

er
, s

o 
th

at
 y

ou
 d

on
’t 

ha
ve

 to
 b

uy
 

ne
w

 th
in

gs
. T

hi
s 

is
 c

al
le

d 
re

-u
si

ng
 th

in
gs

. 
Yo

u 
ca

n 
al

so
 re

-u
se

 s
om

et
hi

ng
 fo

r 
a 

di
ffe

re
nt

 p
ur

po
se

 th
an

 it
 w

as
 o

rig
in

al
ly

 
m

ad
e 

fo
r. 

Fo
r 

ex
am

pl
e,

 m
an

y 
pe

op
le

 u
se

 
ol

d 
ho

t-w
at

er
 ta

nk
s 

(g
ey

se
rs

), 
or

 o
il 

ta
nk

s 
to

 m
ak

e 
“b

ra
ai

-s
ko

tte
ls

” 
in

 w
hi

ch
 th

ey
 c

an
 

m
ak

e 
fir

e 
an

d 
ba

rb
eq

ue
 fo

od
 o

ut
si

de
. 

Bu
t w

ha
t i

f s
om

et
hi

ng
 y

ou
 o

w
n 

ge
ts

 
br

ok
en

 o
r 

yo
u 

do
n’

t h
av

e 
an

y 
us

e 
fo

r 
it 

an
ym

or
e?

 T
he

n 
yo

u 
ha

ve
 to

 th
ro

w
 it

 
aw

ay
. F

or
tu

na
te

ly,
 th

er
e 

is
 a

 c
le

ve
r 

w
ay

 o
f 

th
ro

w
in

g 
th

in
gs

 a
w

ay
, b

y 
se

pa
ra

tin
g 

th
e 

di
ffe

re
nt

 ty
pe

s 
of

 w
as

te
. 

Fo
r 

ex
am

pl
e,

 if
 y

ou
 a

nd
 y

ou
r 

fa
m

ily
 c

ol
le

ct
 a

ll 
yo

ur
 p

la
st

ic
 

w
as

te
 s

ep
ar

at
el

y,
 th

en
 s

om
eo

ne
 c

an
 ta

ke
 th

at
 p

la
st

ic
 to

 a
 

re
cy

cl
in

g 
fa

ct
or

y 
w

he
re

 n
ew

 p
la

st
ic

 is
 m

ad
e 

fro
m

 th
e 

ol
d 

pl
as

tic
. A

t a
 re

cy
cl

in
g 

fa
ct

or
y,

 th
e 

ol
d 

pl
as

tic
 is

 w
as

he
d 

an
d 

sh
re

dd
ed

 in
to

 v
er

y 
sm

al
l p

ie
ce

s.

It 
is

 th
en

 m
el

te
d 

an
d 

“m
ou

ld
ed

” 
in

 th
e 

sh
ap

e 
of

 “
pe

lle
ts

”.
 T

he
 p

el
le

ts
 c

an
 th

en
 b

e 
us

ed
 a

s 
th

e 
ra

w
 m

at
er

ia
l t

o 
m

ak
e 

ne
w

 p
la

st
ic

 p
ro

du
ct

s.
 

Fi
gu

re
 2

: A
 “b

ra
ai

-s
ko

tte
l” 

m
ad

e 
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n
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n
d

 in
 y

ou
r 

sc
h

oo
l b

ag
. M

ak
e 

a 
li

st
 o

f 
al

l t
h

e 
th

in
gs

 y
ou

 c
an

 s
ee

 t
h

at
 a

re
 m

ad
e 

of
 p

la
st

ic
. A

ls
o 

w
ri

te
 d

ow
n

 w
h

et
h

er
 it

 is
 m

ad
e 

of
 h

ar
d

 o
r 

so
ft

 p
la

st
ic

 a
n

d
 t

h
ic

k 
or

 t
h

in
 p

la
st

ic
. 

Pl
as

ti
c 

it
em

H
ar

d
 o

r 
so

ft
T

h
ic

k
, t

h
in

, o
r 

w
ov

en

pl
as

ti
c 

ba
g

so
ft

th
in

ru
ck

sa
ck

 o
r 

br
ie

fc
as

e
so

ft
wo

ve
n

sh
oe

 s
ol

e
ha

rd
th

ic
k

sh
ir

t
so

ft
wo

ve
n

pe
nc

il 
bo

x
ha

rd
th

ic
k

N
ot

e 
to

 t
he

 t
ea

ch
er

: M
an

y 
cl

ot
he

s 
ar

e 
m

ad
e 

fr
om

 a
 c

om
bi

na
ti

on
 o

f 
a 

pl
as

ti
c 

fib
re

s 
(s

uc
h 

as
 p

ol
ye

st
er

) a
nd

 n
at

ur
al

 fi
br

es
 (s

uc
h 

as
 c

ot
to

n)
. B

ut
 s

om
e 

cl
ot

he
s 

ar
e 

m
ad

e 
on

ly
 f

ro
m

 p
la

st
ic

 fi
br

es
. F

or
 e

xa
m

pl
e,

 s
om

e 
bo

dy
 w

ar
m

er
s,

 je
rs

ey
s 

an
d 

bl
an

ke
ts

 a
re

 
m

ad
e 

fr
om

 p
ur

e 
po

ly
es

te
r.

 A
sk

 le
ar

ne
rs

 t
o 

ch
ec

k 
th

e 
la

be
ls

 o
n 

th
ei

r 
sc

ho
ol

 je
rs

ey
s 

or
 t

ra
ck

su
it

s 
to

 s
ee

 w
ha

t 
it

 is
 m

ad
e 

of
.

2.
 

T
h

e 
ta

bl
e 

be
lo

w
 li

st
s 

d
if

fe
re

n
t 

th
in

gs
 t

h
at

 y
ou

 c
an

 s
ee

 in
 a

 h
ou

se
. C

op
y 

th
e 

ta
bl

e 
be

lo
w

 a
n

d
 w

ri
te

 “
ye

s”
 o

r 
“n

o”
 n

ex
t 

to
 e

ac
h

 it
em

 t
o 

sh
ow

 w
h

et
h

er
 it

 is
 m

ad
e 

of
 

p
la

st
ic

 o
r 

n
ot

. Y
ou

 c
an

 a
ls

o 
w

ri
te

 d
ow

n
 if

 t
h

er
e 

ar
e 

ex
ce

p
ti

on
s.

  A
d

d
 m

or
e 

it
em

s 
in

 t
h

e 
em

p
ty

 r
ow

s 
of

 t
h

e 
ta

bl
e.

vi
n

yl
 f

lo
or

 t
il

es
ye

s
cl

ay
 f

lo
or

 t
il

es
no

w
in

d
ow

s
no

p
ai

n
t

ye
s,

 e
xc

ep
t 

ol
d-

fa
sh

io
ne

d 
oi

l p
ai

nt
ch

ai
r 

ba
ck

s
ye

s,
 e

xc
ep

t 
fo

r 
wo

od
en

 c
ha

ir
s

li
gh

t 
bu

lb
s

no
bo

tt
le

s 
fo

r 
d

is
h

-w
as

h
in

g 
so

ap
ye

s
sp

on
ge

s
ye

s
th

e 
ou

ts
id

e 
of

 a
 T

V
 o

r 
ra

d
io

ye
s,

 e
xc

ep
t 

if
 it

 h
as

 a
 m

et
al

 c
ov

er

3.
 

Lo
ok

 a
t 

th
e 

il
lu

st
ra

ti
on

s 
of

 h
ou

se
h

ol
d

 a
p

p
li

an
ce

s 
be

lo
w

. T
h

e 
ar

ro
w

s 
p

oi
n

t 
to

 
d

if
fe

re
n

t 
p

ar
ts

 o
f 

th
e 

ap
p

li
an

ce
s,

 a
n

d
 la

be
ls

 a
re

 g
iv

en
 t

o 
d

es
cr

ib
e 

th
e 

d
if

fe
re

n
t 

p
ar

ts
 o

f 
th

e 
ap

p
li

an
ce

s.
 W

ri
te

 d
ow

n
 t

h
e 

p
ar

ts
 t

h
at

 a
re

 m
ad

e 
fr

om
 p

la
st

ic
.

Th
e 

pa
rt

s 
m

ad
e 

fr
om

 p
la

st
ic

 a
re

 la
be

lle
d 

“P
” i

n 
th

e 
dr

aw
in

g 
be

lo
w.

Fi
gu

re
 3

: D
iff

er
en

t p
ar

ts
 o

f t
yp

ic
al

 h
ou

se
ho

ld
 a

pp
lia

nc
es

LB
 p

ag
e 

25
6



C
H

A
PT

ER
 2

1 
PA

T:
 R

ED
U

C
E,

 R
E-

U
SE

 A
N

D
 R

EC
Y

C
LE

: 
  

  
  

  
  

  
  

  
 W

O
R

K
IN

G
 W

IT
H

 P
LA

ST
IC

S 
TE

C
H

N
O

LO
G

Y
 G

R
A

D
E 

9 
TE

R
M

 4
34

2
34

3

4.
 

A
 lo

n
g 

ti
m

e 
ag

o,
 c

ar
s 

w
er

e 
h

ea
vy

 b
ec

au
se

 m
os

t 
of

 t
h

ei
r 

p
ar

ts
 w

er
e 

m
ad

e 
of

 
st

ee
l, 

ca
st

 ir
on

 a
n

d
 e

ve
n

 w
oo

d
. N

ow
ad

ay
s,

 c
ar

s 
ar

e 
m

u
ch

 li
gh

te
r,

 a
n

d
 t

h
er

ef
or

e 
th

ey
 u

se
 le

ss
 p

et
ro

l t
o 

tr
av

el
 e

ac
h

 k
il

om
et

re
. O

n
e 

w
ay

 t
h

at
 w

as
 u

se
d

 t
o 

m
ak

e 
ca

rs
 li

gh
te

r 
is

 t
o 

u
se

 m
or

e 
p

la
st

ic
 w

h
en

 b
u

il
d

in
g 

th
em

, i
n

st
ea

d
 o

f 
u

si
n

g 
m

et
al

.
 

Lo
ok

 a
t 

th
e 

il
lu

st
ra

ti
on

s 
of

 t
h

e 
in

si
d

e 
an

d
 o

u
ts

id
e 

of
 a

 c
ar

 b
el

ow
. T

h
e 

ar
ro

w
s 

p
oi

n
t 

to
 d

if
fe

re
n

t 
p

ar
ts

, a
n

d
 la

be
ls

 a
re

 g
iv

en
 t

o 
d

es
cr

ib
e 

th
es

e 
d

if
fe

re
n

t 
p

ar
ts

. 
Li

st
 a

ll
 t

h
e 

p
ar

ts
 t

h
at

 a
re

 m
ad

e 
of

 p
la

st
ic

.

Th
e 

pa
rt

s 
m

ad
e 

fr
om

 p
la

st
ic

 a
re

 la
be

lle
d 

“P
” i

n 
th

e 
dr

aw
in

g 
be

lo
w.

el
ow

. 
Fi

gu
re

 4
: D

iff
er

en
t p

ar
ts

 o
f a

 m
ot

or
 c

ar

5.
 

H
ow

 c
an

 y
ou

 t
es

t 
w

h
et

h
er

 a
 m

at
er

ia
l i

s 
p

la
st

ic
 o

r 
m

et
al

? 
 

H
in

ts
: T

h
in

k 
ab

ou
t 

h
ar

d
n

es
s,

 s
tr

en
gt

h
, m

ag
n

et
is

m
, s

ou
n

d
, h

ea
t 

an
d

 f
ir

e.

Tr
y 

to
 p

re
ss

 y
ou

r 
fin

ge
rn

ai
l i

nt
o 

it
: M

os
t 

pl
as

ti
c

is
 s

of
t 

en
ou

gh
 t

ha
t 

yo
u 

ca
n 

le
av

e 
a 

m
ar

k.

H
it

 it
 w

it
h 

a 
pe

n:
 M

et
al

 m
ak

es
 a

 h
ig

h 
so

un
d,

 li
ke

a 
be

ll.

Pl
as

ti
c 

be
nd

s 
m

or
e 

ea
si

ly
 t

ha
n 

m
et

al
 o

f 
th

e 
sa

m
e

th
ic

kn
es

s.

M
an

y 
m

et
al

s 
ar

e 
m

ag
ne

ti
c;

 n
o 

pl
as

ti
cs

 a
re

 m
ag

ne
ti

c.

M
os

t 
pl

as
ti

c 
m

at
er

ia
ls

 c
an

 m
el

t 
or

 b
ur

n 
wh

en
 e

xp
os

ed
 t

o 
he

at
 a

nd
/o

r 
fla

m
es

. 

M
et

al
 w

ill
 n

ev
er

 b
ur

n,
 a

nd
 it

 w
ill

 o
nl

y 
m

el
t 

at
 v

er
y 

hi
gh

 t
em

pe
ra

tu
re

s.

N
ot

e:
 I

f 
so

m
e 

le
ar

ne
rs

 t
hi

nk
 t

ha
t 

th
er

e 
ca

n 
al

so
 b

e 
pl
as

ti
c 

m
ag

ne
ts

, t
he

n 

ex
pl

ai
n 

th
e 

fo
llo

wi
ng

:

Sa
fe

ty
 w

ar
ni

ng
:

Bu
rn

in
g 

pl
as

tic
 c

an
 s

ta
rt

 a
 fi

re
 

an
d 

re
le

as
e 

po
is

on
ou

s 
ga

se
s.

 
M

ol
te

n 
pl

as
tic

 c
an

 c
au

se
 

se
rio

us
 b

ur
n 

w
ou

nd
s.

Pl
as

ti
c 

ob
je

ct
s 

(li
ke

 a
 r

ul
er

 o
r 

co
m

b)
 c

an
 b

e 
ru

bb
ed

 a
nd

 w
ill

 t
he

n 
at

tr
ac

t 
sm

al
l 

pi
ec

es
 o

f 
pa

pe
r 

or
 h

ai
r,

 b
ut

 it
 w

ill
 n

ot
 i
nfl

ue
nc

e 
th

e 
di
re

ct
io
n 

sh
ow

n 
by

 a
 

co
m
pa

ss
. 

Th
e 

fo
rc

e 
ex

er
te

d 
by

 t
he

 p
la

st
ic

 r
ul

er
 is

 a
n 
el
ec

tr
os

ta
ti
c 

fo
rc

e.
 I

n 

co
nt

ra
st

, a
 m

ag
ne

ti
se

d 
pi

ec
e 

of
 m

et
al

 w
ill

 c
ha

ng
e 

th
e 

di
re

ct
io

n 
sh

ow
n 

by
 a

 

co
m

pa
ss

  –
 t

hi
s 

is
 c

au
se

d 
by

 a
 m

ag
ne

ti
c 

fo
rc

e.

D
if

fe
re

nt
 s

ce
na

ri
os

 f
or

 r
eu

si
ng

 p
la

st
ic

 b
ot

tl
es

  
(3

0 
m

in
ut

es
)

O
n

 t
h

e 
fo

ll
ow

in
g 

p
ag

es
, y

ou
 a

re
 s

h
ow

n
 p

h
ot

os
 o

f 
fo

u
r 

sc
en

ar
io

s 
in

 w
h

ic
h

 n
ew

 
p

ro
d

u
ct

s 
w

er
e 

m
ad

e 
fr

om
 o

ld
 p

la
st

ic
 b

ot
tl

es
. 

Ea
ch

 o
f 

th
e 

p
ro

d
u

ct
s 

so
lv

es
 a

 c
er

ta
in

 p
ro

bl
em

. I
n

 o
th

er
 w

or
d

s,
 it

 s
at

is
fi

es
 o

r 
ad

d
re

ss
es

 a
 c

er
ta

in
 n

ee
d

. A
n

sw
er

 t
h

e 
q

u
es

ti
on

s 
fo

r 
ea

ch
 s

ce
n

ar
io

 a
bo

u
t 

th
e 

p
ro

bl
em

 o
r 

n
ee

d
. T

h
en

 c
h

oo
se

 o
n

e 
of

 t
h

es
e 

sc
en

ar
io

s 
fo

r 
th

e 
p

ro
d

u
ct

 t
h

at
 y

ou
 w

il
l 

d
es

ig
n

 a
n

d
 m

ak
e.

 

Sc
en

ar
io

 A
 

Fi
gu

re
 5

1.
 

W
h

at
 is

 t
h

e 
p

u
rp

os
e 

of
 t

h
e 

p
ro

d
u

ct
? 

[½
]

Th
e 

pr
od

uc
t 

is
 u

se
d 

to
 f

ee
d 

bi
rd

s.
 



C
H

A
PT

ER
 2

1 
PA

T:
 R

ED
U

C
E,

 R
E-

U
SE

 A
N

D
 R

EC
Y

C
LE

: 
  

  
  

  
  

  
  

  
 W

O
R

K
IN

G
 W

IT
H

 P
LA

ST
IC

S 
TE

C
H

N
O

LO
G

Y
 G

R
A

D
E 

9 
TE

R
M

 4
34

4
34

5

2.
 

H
ow

 d
oe

s 
th

is
 r

ed
u

ce
 t

h
e 

am
ou

n
t 

of
 w

or
k 

th
at

 s
om

eb
od

y 
h

as
 t

o 
d

o?
 

[½
]

It
 r

ed
uc

es
 t

he
 a

m
ou

nt
 o

f 
wo

rk
 b

ec
au

se
 s

om
eo

ne
 d

oe
s 

no
t 

ne
ed

 t
o 

pu
t 

ou
t 

se
ed

s 
fo

r 
th

e 
bi

rd
s 

ev
er

y 
da

y.

Sc
en

ar
io

 B
 

Fi
gu

re
 6

3.
 

W
h

at
 is

 t
h

e 
p

u
rp

os
e 

of
 t

h
e 

p
ro

d
u

ct
? 

[½
]

Th
e 

pr
od

uc
t 

is
 u

se
d 

to
 s

to
re

 d
ry

 f
oo

d 
su

ch
 a

s 
ri

ce
 s

o 
th

at
 it

 c
an

no
t 

ge
t

we
t 

or
 b

e 
ea

te
n 

by
 in

se
ct

s 
or

 o
th

er
 a

ni
m

al
s.

4.
 

C
an

 t
h

is
 p

ro
d

u
ct

 s
av

e 
yo

u
 m

on
ey

? 
H

ow
? 

[½
]

Ye
s,

 y
ou

 d
on

’t 
ha

ve
 t

o 
bu

y 
fo

od
 c

on
ta

in
er

s.
 Y

ou
r 

fo
od

 w
on

’t 
go

 b
ad

.

Sc
en

ar
io

 C

Fi
gu

re
 7

5.
 

W
h

at
 is

 t
h

e 
p

u
rp

os
e 

of
 t

h
e 

p
ro

d
u

ct
? 

[½
]

It
 t

ra
ps

 fl
ie

s 
so

 t
ha

t 
th

er
e 

wi
ll 

be
 f

ew
er

 fl
ie

s 
ar

ou
nd

 t
he

 h
ou

se
.

6.
 

C
an

 t
h

is
 p

ro
d

u
ct

 s
av

e 
yo

u
 m

on
ey

 o
r 

ti
m

e?
 H

ow
? 

[½
]

Ye
s,

 y
ou

 d
on

’t 
ha

ve
 t

o 
bu

y 
po

is
on

 t
o 

ke
ep

 fl
ie

s 
aw

ay
, o

r 
yo

u 
do

n’t
 h

av
e 

to

sw
at

 fl
ie

s 
by

 h
an

d.



C
H

A
PT

ER
 2

1 
PA

T:
 R

ED
U

C
E,

 R
E-

U
SE

 A
N

D
 R

EC
Y

C
LE

: 
  

  
  

  
  

  
  

  
 W

O
R

K
IN

G
 W

IT
H

 P
LA

ST
IC

S 
TE

C
H

N
O

LO
G

Y
 G

R
A

D
E 

9 
TE

R
M

 4
34

6
34

7

Sc
en

ar
io

 D

 Fi
gu

re
 8

7.
 

W
h

at
 is

 t
h

e 
p

u
rp

os
e 

of
 t

h
es

e 
p

ro
d

u
ct

s?
 

[½
]

It
 m

ak
es

 it
 p

os
si

bl
e 

to
 u

se
 le

ss
 w

at
er

 t
o 

he
lp

 p
la

nt
s 

gr
ow

.

8.
 

C
an

 t
h

is
 p

ro
d

u
ct

 s
av

e 
yo

u
 m

on
ey

 o
r 

ti
m

e?
 H

ow
? 

[½
]

Ye
s,

 y
ou

 d
on

’t 
ha

ve
 t

o 
wa

te
r 

yo
ur

 p
la

nt
s 

ev
er

y 
da

y,
 a

nd
 y

ou
 w

ill
 p

ay
 le

ss
 f

or
 w

at
er

. 

[T
ot

al
: 4

]

D
es

ig
n 

br
ie

f 
fo

r 
th

e 
sc

en
ar

io
 t

ha
t 

yo
u 

ch
os

e 
 

(3
0 

m
in

ut
es

)

A
n

sw
er

 t
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at
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 o
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n
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h
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n
d

 t
h

at
 y

ou
 k

n
ow

 h
ow

 
to

 u
se

, f
or

 w
or

ki
n

g 
w

it
h

 t
h

e 
m

at
er

ia
ls

 y
ou

 h
av

e 
id

en
ti

fi
ed

 a
bo

ve
. Y

ou
 w

il
l 

d
es

ig
n

 y
ou

r 
p

ro
d

u
ct

 s
o 

th
at

 y
ou

 w
il

l o
n

ly
 n

ee
d

 t
o 

u
se

 t
h

es
e 

to
ol

s 
to

 m
ak

e 
it

.
 

[½
]

Le
ar

ne
r’s

 o
wn

 a
ns

we
r.

(c
) 

M
ak

e 
a 

ti
m

e 
sc

h
ed

u
le

 s
h

ow
in

g 
h

ow
 m

u
ch

 t
im

e 
yo

u
 h

av
e 

av
ai

la
bl

e 
to

 d
es

ig
n

 
an

d
 m

ak
e 

th
e 

p
ro

d
u

ct
. Y

ou
 w

il
l d

es
ig

n
 y

ou
r 

p
ro

d
u

ct
 s

o 
th

at
 it

 is
 s

im
p

le
 

en
ou

gh
 t

h
at

 y
ou

 c
an

 d
es

ig
n

 a
n

d
 m

ak
e 

it
 in

 t
h

e 
li

m
it

ed
 t

im
e 

av
ai

la
bl

e 
to

 y
ou

.
 

[½
]

Le
ar

ne
r’s

 o
wn

 a
ns

we
r.

 
 

 
 

 
 

 
 

 
 

 
[T

ot
al

: 4
]



C
H

A
PT

ER
 2

1 
PA

T:
 R

ED
U

C
E,

 R
E-

U
SE

 A
N

D
 R

EC
Y

C
LE

: 
  

  
  

  
  

  
  

  
 W

O
R

K
IN

G
 W

IT
H

 P
LA

ST
IC

S 
TE

C
H

N
O

LO
G

Y
 G

R
A

D
E 

9 
TE

R
M

 4
34

8
34

9

W
ee

k
 2

In
it

ia
l 

ro
ug

h 
de

si
gn

 s
ke

tc
he

s 
 

(3
0 

m
in

ut
es

)

M
ak

e 
ro

u
gh

 s
ke

tc
h

es
 o

f 
yo

u
r 

d
es

ig
n

 id
ea

s 
fo

r 
th

e 
p

ro
d

u
ct

 t
h

at
 y

ou
 w

an
t 

to
 m

ak
e.

 Y
ou

 c
an

 m
ak

e 
sk

et
ch

es
 

fo
r 

d
if

fe
re

n
t 

id
ea

s 
an

d
 la

te
r 

d
ec

id
e 

w
h

ic
h

 o
n

e 
yo

u
 a

re
 

go
in

g 
to

 m
ak

e.
Tr

y 
to

 d
es

ig
n

 a
n

d
 m

ak
e 

a 
p

ro
d

u
ct

 t
h

at
 is

 s
li

gh
tl

y 
d

if
fe

re
n

t 
fr

om
 t

h
e 

p
h

ot
os

 o
f 

th
e 

p
ro

d
u

ct
s 

on
 t

h
e 

p
re

vi
ou

s 
p

ag
es

, t
o 

ad
d

re
ss

 t
h

e 
n

ee
d

. I
n

 o
th

er
 w

or
d

s,
 

tr
y 

to
 m

ak
e 

an
 in

n
ov

at
iv

e 
d

es
ig

n
.

Sh
ow

 n
ot

es
 a

n
d

 la
be

ls
 o

n
 y

ou
r 

sk
et

ch
es

 t
o 

h
el

p
 t

o 
ex

p
la

in
 y

ou
r 

id
ea

s.
 

[1
0]

Le
ar

ne
rs

’ o
wn

 id
ea

s.

Th
ey

 s
ho

ul
d 

sk
et

ch
 a

t 
le

as
t 

tw
o 

di
ff

er
en

t 
de

si
gn

 id
ea

s.

Th
ey

 s
ho

ul
d 

us
e 

la
be

ls
 a

nd
 n

ot
es

 t
o 

ex
pl

ai
n 

th
ei

r 
sk

et
ch

es
.

Fi
na

l 
or

th
og

ra
ph

ic
 d

ra
w

in
g 

 
(3

0 
m

in
ut

es
)

C
h

oo
se

 y
ou

r 
fi

n
al

 d
es

ig
n

 f
ro

m
 y

ou
r 

ro
u

gh
 s

ke
tc

h
es

. T
h

en
 d

ra
w

 y
ou

r 
p

ro
d

u
ct

 t
o 

sc
al

e 
u

si
n

g 
fi

rs
t 

an
gl

e 
or

th
og

ra
p

h
ic

 p
ro

je
ct

io
n

. S
h

ow
 d

im
en

si
on

s.
 

[1
5]

Le
ar

ne
rs

’ o
wn

 d
es

ig
n.

It
 is

 v
er

y 
ha

rd
 t

o 
dr

aw
 t

he
 s

ha
pe

 o
f 

a 
pl

as
ti

c 
bo

tt
le

 a
cc

ur
at

el
y.

 L
ea

rn
er

s

ca
n 

ap
pr

ox
im

at
e 

th
e 

sh
ap

e 
of

 a
 p

la
st

ic
 b

ot
tl

e 
us

in
g 

re
ct

an
gu

la
r 

an
d

tr
ia

ng
ul

ar
 s

ha
pe

s 
wi

th
 r

ou
nd

ed
 c

or
ne

rs
. T

he
 d

im
en

si
on

s 
of

 t
he

 p
la

st
ic

bo
tt

le
 s

ho
ul

d,
 h

ow
ev

er
, b

e 
co

rr
ec

t.

O
ne

 o
r 

m
or

e 
of

 t
he

 v
ie

ws
 o

n 
th

e 
dr

aw
in

g 
sh

ou
ld

 s
ho

w 
th

e 
ci

rc
ul

ar
 s

ha
pe

 o
f

th
e 

cr
os

s 
se

ct
io

n 
of

 a
 b

ot
tl

e,
 a

nd
 s

ho
ul

d 
al

so
 in

di
ca

te
 t

he
 r

ad
iu

s 
or

 

di
am

et
er

.

Th
e 

w
or

d 
in

no
va

tiv
e 

co
m

es
 

fro
m

 th
e 

w
or

d 
“n

ew
”.

 A
n 

in
no

va
tiv

e 
so

lu
tio

n 
to

 a
 

pr
ob

le
m

 is
 a

 s
ol

ut
io

n 
th

at
 

no
bo

dy
 e

ls
e 

th
ou

gh
t o

f b
ef

or
e.

Pr
ac

ti
se

 m
ar

ki
ng

 o
ut

, 
cu

tt
in

g 
an

d 
m

ak
in

g 
ho

le
s 

in
 p

la
st

ic
 

 
(6

0 
m

in
ut

es
)

Y
ou

 n
ee

d
 t

h
e 

fo
ll

ow
in

g 
m

at
er

ia
ls

 f
or

 t
h

is
 a

ct
iv

it
y:

• 
tw

o 
or

 m
or

e 
ol

d
 p

la
st

ic
 b

ot
tl

es
 t

h
at

 h
av

e 
be

en
 c

le
an

ed
,

• 
a 

m
ar

ke
r 

p
en

 o
r 

“k
ok

i”
 p

en
,

• 
n

ai
ls

 o
f 

d
if

fe
re

n
t 

si
ze

s 
to

 m
ak

e 
h

ol
es

 in
 t

h
e 

p
la

st
ic

,
• 

a 
st

ro
n

g 
p

ai
r 

of
 s

ci
ss

or
s 

to
 c

u
t 

th
e 

p
la

st
ic

,
• 

sa
n

d
p

ap
er

, a
n

d
• 

st
ic

ky
 t

ap
e 

to
 jo

in
 d

if
fe

re
n

t 
p

la
st

ic
 p

ar
ts

 t
og

et
h

er
.

Fi
rs

t 
m

ak
e 

su
re

 t
h

at
 t

h
e 

p
la

st
ic

 b
ot

tl
es

 a
re

 c
le

an
 a

n
d

 t
h

at
 a

ll
 t

h
e 

la
be

ls
 a

n
d

 g
lu

e 
h

av
e 

be
en

 r
em

ov
ed

.

T
h

is
 i

s 
h

ow
 t

o 
cu

t 
a 

p
la

st
ic

 b
ot

tl
e:

 
Fi

rs
t 

m
ak

e 
a 

sm
al

l h
ol

e 
w

it
h

 a
 t

h
in

 n
ai

l w
h

er
e 

yo
u

 w
an

t 
to

 s
ta

rt
 c

u
tt

in
g.

 H
in

t:
 

It
 w

il
l b

e 
ea

si
er

 t
o 

m
ak

e 
th

e 
h

ol
e 

if
 y

ou
 k

ee
p

 t
h

e 
ca

p
 o

f 
th

e 
bo

tt
le

 o
n

 a
n

d
 t

ig
h

tl
y 

se
cu

re
d

, b
ec

au
se

 t
h

en
 t

h
e 

bo
tt

le
 w

il
l n

ot
 c

ol
la

p
se

 a
s 

yo
u

 p
re

ss
 t

h
e 

n
ai

l i
n

.
T

h
en

 m
ak

e 
th

e 
h

ol
e 

bi
gg

er
 b

y 
m

ov
in

g 
a 

th
ic

k 
n

ai
l a

ro
u

n
d

 in
 t

h
e 

h
ol

e 
to

 m
ak

e 
it

 b
ig

ge
r,

 a
s 

sh
ow

n
 in

 t
h

e 
p

h
ot

o 
be

lo
w

. Y
ou

 c
an

 a
ls

o 
u

se
 a

 c
u

tt
in

g 
kn

if
e 

to
 m

ak
e 

a 
sh

or
t 

cu
t 

w
h

er
e 

yo
u

 c
an

 t
h

en
 p

u
t 

th
e 

bl
ad

e 
of

 t
h

e 
sc

is
so

rs
 in

.

Fi
gu

re
 9

: M
ak

in
g 

a 
ho

le
 in

 th
e 

bo
ttl

e

O
n

ce
 t

h
e 

h
ol

e 
is

 b
ig

 e
n

ou
gh

 t
o 

in
se

rt
 o

n
e 

bl
ad

e 
of

 t
h

e 
p

ai
r 

of
 s

ci
ss

or
s,

 s
ta

rt
 c

u
tt

in
g 

w
it

h
 t

h
e 

sc
is

so
rs

, a
s 

sh
ow

n
 t

h
e 

p
h

ot
o 

on
 

th
e 

ri
gh

t.
 

U
se

 s
an

d
p

ap
er

 t
o 

m
ak

e 
th

e 
sh

ar
p

 e
d

ge
s 

of
 t

h
e 

h
ol

e 
in

 t
h

e 
bo

tt
le

 s
m

oo
th

 s
o 

th
at

 it
 

ca
n

’t
 c

u
t 

yo
u

.
 

Sa
fe

ty
 w

ar
ni

ng
s

A 
pa

ir 
of

 s
ci

ss
or

s 
sh

ou
ld

 n
ot

 b
e 

us
ed

 li
ke

 a
 

kn
ife

. I
f y

ou
 d

o 
th

at
, i

t c
an

 s
lip

 a
nd

 y
ou

 c
an

 
cu

t y
ou

rs
el

f. 
Do

 n
ot

 tr
y 

to
 c

ut
 th

e 
th

ic
k,

 h
ar

d 
pa

rt
s 

of
 th

e 
bo

ttl
e.

 If
 y

ou
 d

o 
th

at
, t

he
 s

ci
ss

or
s 

ca
n 

sl
ip

 
an

d 
yo

u 
ca

n 
cu

t y
ou

rs
el

f.

Fi
gu

re
 1

0:
 C

ut
tin

g 
th

e 
bo

ttl
e

LB
 p

ag
e 

26
1





Square grid paper, 5 mm spacing





Isometric grid paper, 10 mm spacing. Hold paper so that this text is horizontal.





Is
om

et
ric

 g
rid

 p
ap

er
, 1

0 
m

m
 s

pa
ci

ng
. H

ol
d 

pa
pe

r 
so

 th
at

 th
is

 te
xt

 is
 h

or
iz

on
ta

l.




