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It's impossible for us to include every skill, technique or
artist that we will look at on this sheet - instead we have set
up a website for you with all the information you need.

Scan the QR codes with a phone to access the pages

YEAR NINE ART & DESIGN
Knowledge Organiser

UNIT 1
artists can control media

We will develop your skills to get you ‘GCSE ready ’  by having weekly workshops exploring different techniques
and media. We will link our work to the work of relevant artists and build on skills developed in Y7 and Y8.

NO PHONE? NO PROBLEM...
The quickest and easiest way to access the information you need is by scanning the QR codes. If you don't have a
phone then you can access the Art Department website via the link sent to you on Teams or by typing the
address below into your web browser.

Talk to your teacher or tutor if you need to use the school computers to access the website after school.

thisisfsdartanddesign.weebly.com/year-nine

UNIT 2
artists present personal responses

We will continue our preparation for GCSE by running a GCSE style project using the starting point of Pop Art.
We will research artists, explore techniques and then develop our own personal response.

READING LIST
Providing opportunities for you to read, both in and out of the classroom, is vital to develop your
literacy skills. 

We will do lots of work in class developing your literacy through reading a range of texts and
have included these here, as well as some extra books we think you may find interesting.

INDEPENDENT LEARNING - YOU ARE A PHOTOGRAPHER
Scan the QR code for access to our Independent Learning Tasks; quick weekly things for you to
do to develop as an artist.

Each half term we will select the pupil with the most points for completing tasks and issue
them with a prize.
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@thisisfsdartanddesign & @thisisfsdphotography
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d 
se

tti
ng

Ju
st

 o
ne

 se
tti

ng
 fo

r t
he

 e
nt

ire
 p

la
y

St
ag

e 
di

re
ct

io
ns

In
st

ru
ct

io
ns

 w
ith

in
 a

 sc
rip

t f
or

 th
e 

ac
to

rs

St
ag

in
g

Ho
w

 th
e 

sc
en

e 
is 

de
sig

ne
d 

Ye
ar
 9
 T
er
m
 3
: E

du
ca

tin
g 
R
ita

 b
y 
W

ill
y 
R
us
se
ll
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Br
ea

d
Br

ea
d 

is
 m

ad
e 

fro
m

:-
St

ro
ng

 b
re

ad
 fl

ou
r -

 h
as

 a
 h

ig
h 

gl
ut

en
 

co
nt

en
t t

o 
m

ak
e 

th
e 

br
ea

d 
so

ft 
an

d 
el

as
tic

.
Ye

as
t -

 is
 a

 b
io

lo
gi

ca
l r

ai
si

ng
 a

ge
nt

 
w

hi
ch

 m
ak

es
 th

e 
br

ea
d 

ris
e.

Su
ga

r -
 p

ro
vi

de
s 

fo
od

 fo
r t

he
 y

ea
st

 
w

hi
ch

 h
el

ps
 it

 to
 fe

rm
en

t a
nd

 ri
se

.
Sa

lt 
- h

el
ps

 im
pr

ov
e 

th
e 

fla
vo

ur
 o

f t
he

 b
re

ad
.

W
ar

m
 w

at
er

 - 
he

lp
s 

to
 d

ev
el

op
 th

e 
te

xt
ur

e 
an

d 
he

lp
s 

w
ith

 th
e 

fe
rm

en
ta

tio
n 

of
 y

ea
st

.
Th

e 
co

m
m

er
ci

al
 p

ro
ce

ss
 u

se
d 

to
 m

ak
e 

br
ea

d 
is

 c
al

le
d 

th
e 

Ch
or

le
yw

oo
d 

pr
oc

es
s.

  T
hi

s 
pr

oc
es

s 
m

ak
es

 th
e 

br
ea

d 
so

fte
r, 

re
du

ce
s 

th
e 

co
st

 a
nd

 m
or

e 
th

an
 d

ou
bl

es
 it

s 
sh

el
f l

ife
.

Br
iti

sh
 C

ui
si

ne
 

Cu
is

in
e 

- a
 s

ty
le

 o
f c

oo
ki

ng
 o

f a
 p

ar
tic

ul
ar

 c
ou

nt
ry

 o
r r

eg
io

n.
O

rg
an

ic
 fa

rm
in

g 
- f

oo
d 

pr
od

uc
ed

 w
ith

ou
t t

he
 u

se
 o

f 
ch

em
ic

al
s,

 fe
rti

lis
er

s 
an

d 
pe

st
ic

id
es

.
So

m
e 

Br
iti

sh
 fo

od
 is

 p
ro

du
ce

d 
by

 o
rg

an
ic

 fa
rm

in
g 

ex
am

pl
es

 in
clu

de
 a

pp
le

s,
 c

uc
um

be
r, 

to
m

at
oe

s 
an

d 
m

ilk
 a

nd
 m

ea
t.

Ca
ug

ht
 fo

od
 - 

ex
am

pl
es

 in
clu

de
 c

od
, s

al
m

on
, m

ac
ke

re
l, 

an
d 

cr
ab

.
Re

ar
ed

 fo
od

 - 
ex

am
pl

e 
in

cl
ud

e 
be

ef
, p

or
k,

 la
m

b 
an

d 
ch

ic
ke

n.
G

ro
w

n 
fo

od
 - 

ex
am

pl
es

 in
clu

de
 w

he
at

, 
oa

ts
, t

om
at

oe
s 

an
d 

le
ttu

ce
Tr

ad
iti

on
al

 d
is

he
s 

an
d 

m
ea

lti
m

es
Sh

ep
he

rd
s 

pi
e,

 ro
as

t b
ee

f a
nd

 Y
or

ks
hi

re
 p

ud
di

ng
, 

Ba
ke

w
el

l t
ar

t, 
C

or
ni

sh
 p

as
tie

s 
an

d 
fis

h 
an

d 
ch

ip
s.

Tr
ad

iti
on

al
 m

ea
lti

m
es

 in
cl

ud
ed

 b
re

ak
fa

st
, e

le
ve

ns
es

, 
lu

nc
h,

 a
fte

rn
oo

n 
te

a,
 d

in
ne

r a
nd

 s
om

et
im

es
 s

up
pe

r. 
 

Br
iti

sh
 c

ui
si

ne
 a

nd
 h

ea
lth

U
K 

di
et

 is
 o

fte
n 

hi
gh

 in
 s

at
ur

at
ed

 fa
t a

nd
 s

ug
ar

.  
A 

di
et

 
hi

gh
 in

 th
es

e 
nu

tri
en

ts
 c

an
 c

au
se

 d
ie

t r
el

at
ed

 d
is

ea
se

s 
su

ch
 a

s 
ob

es
ity

, T
yp

e 
2 

di
ab

et
es

, t
oo

th
 d

ec
ay

 a
nd

 h
ea

rt 
di

se
as

e.
O

be
si

ty
 - 

w
he

re
 p

eo
pl

e 
ha

ve
 p

ut
 o

n 
w

ei
gh

t t
hi

s 
m

ea
ns

 
th

ey
 a

re
 m

or
e 

liv
el

y 
to

 g
et

 o
th

er
 d

ie
t r

el
at

ed
 d

is
ea

se
s.

 
Ty

pe
 2

 d
ia

be
te

s 
- a

 c
on

di
tio

n 
w

he
re

 th
e 

bo
dy

's
 s

ug
ar

 
le

ve
ls

 c
an

no
t b

e 
co

nt
ro

lle
d 

pr
op

er
ly

.
To

ot
h 

de
ca

y 
- w

he
re

 a
 p

er
so

n 
ha

s 
ea

te
n 

to
o 

m
an

y 
fre

e 
su

ga
rs

 w
hi

ch
 in

te
ra

ct
s 

w
ith

 th
e 

ba
ct

er
ia

 in
 th

e 
pl

aq
ue

 a
nd

 p
ro

du
ce

s 
an

 a
ci

d.
  T

hi
s 

ac
id

 b
re

ak
s 

do
w

n 
th

e 
en

am
el

 a
nd

 th
is

 c
au

se
s 

to
ot

h 
de

ca
y.

He
ar

t d
is

ea
se

 - 
a 

bu
ild

 u
p 

of
 fa

tty
 d

ep
os

its
 in

 th
e 

   
co

ro
na

ry
 a

rte
rie

s.

Fo
od

 a
nd

 th
e 

en
vi

ro
nm

en
t

Fo
od

 w
as

te
Fo

od
 w

as
te

 in
 th

e 
U

K 
is

 w
or

th
 o

ve
r £

19
 m

illi
on

.  
Th

e 
vo

lu
m

e 
of

 w
as

te
 e

qu
at

es
 to

 a
ro

un
d 

10
 b

illi
on

 m
ea

ls
.

Re
du

ci
ng

 fo
od

 w
as

te
H

ou
se

ho
ld

s 
an

d 
co

ns
um

er
s 

w
as

te
 to

o 
m

uc
h 

fo
od

 fo
r a

 
va

rie
ty

 o
f r

ea
so

ns
.

Re
du

ci
ng

 g
re

en
ho

us
e 

ga
se

s
W

as
te

 is
 o

ne
 o

f t
he

 h
ig

he
st

 e
m

itt
er

s 
of

 g
re

en
ho

us
e 

ga
se

s,
 w

hi
ch

 d
am

ag
es

 th
e 

en
vi

ro
nm

en
t. 

 R
ec

yc
lin

g 
an

d 
co

m
po

st
in

g 
ca

n 
he

lp
 to

 re
du

ce
 th

is
.

Se
as

on
al

ity
Fo

od
 th

at
 is

 g
ro

w
n 

at
 c

er
ta

in
 ti

m
es

 o
f t

he
 

ye
ar

.
Po

si
tiv

es
: C

he
ap

er
, l

ot
s 

of
 it

 a
nd

 is
 fr

es
he

r.
N

eg
at

iv
es

: O
nl

y 
av

ai
la

bl
e 

at
 c

er
ta

in
 ti

m
es

 o
f 

th
e 

ye
ar

, c
an

 g
et

 s
ic

k 
of

 s
am

e 
pr

od
uc

ts
.

Ex
am

pl
es

 in
cl

ud
e 

st
ra

w
be

rri
es

 in
 s

um
m

er
, 

pu
m

pk
in

s 
in

 a
ut

um
n,

Fo
od

 p
oi

so
ni

ng
Pa

th
og

en
ic

 b
ac

te
ria

 th
at

 c
an

 c
au

se
 p

eo
pl

e 
to

 
be

co
m

e 
ill 

if 
fo

od
 is

 n
ot

 c
oo

ke
d 

or
 s

to
re

d 
co

rre
ct

ly.
Sy

m
pt

om
s 

in
cl

ud
e 

na
us

ea
, a

bd
om

in
al

 p
ai

n,
 

vo
m

iti
ng

, d
ia

rrh
oe

a,
 fe

ve
r, 

he
ad

ac
he

 a
nd

 
w

ea
kn

es
s.

D
an

ge
r z

on
e 

- 5
°C

  t
o 

63
°C

 th
is

 is
 w

he
re

 
ba

ct
er

ia
 m

ul
tip

ly
 q

ui
ck

es
t.

H
ig

h 
ris

k 
fo

od
 –

 fo
od

 th
at

 c
on

ta
in

 p
ro

te
in

, 
m

oi
st

ur
e 

an
d 

ar
e 

un
lik

el
y 

to
 b

e 
co

ok
ed

 a
ga

in
 

su
ch

 a
s 

co
ok

ed
 c

hi
ck

en
, h

am
 a

nd
 c

re
am

Pe
ris

ha
bl

e 
fo

od
s 

- i
nc

lu
de

 b
ot

h 
ra

w
 a

nd
 c

oo
ke

d 
fo

od
s 

w
ith

 a
 s

ho
rt 

sh
el

f l
ife

 a
nd

 th
ey

 n
or

m
al

ly
 

ne
ed

 to
 b

e 
st

or
ed

 in
 th

e 
fri

dg
e 

or
 fr

ee
ze

r.

K
no

w
le
dg

e 
O
rg
an

is
er
 1
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Ch
in

es
e

C
hi

ne
se

 fo
od

 is
 q

ui
ck

 to
 m

ak
e 

w
ith

 a
n 

em
ph

as
is

 o
n 

co
lo

ur
, f

la
vo

ur
 a

nd
 

te
xt

ur
e.

  F
oo

d 
is

 s
tir

-fr
ie

d 
in

 a
 w

ok
 o

r 
st

ea
m

ed
 in

 a
 b

am
bo

o 
st

ea
m

er
—

bo
th

 
ar

e 
he

al
th

y 
w

ay
s 

of
 c

oo
ki

ng
.

Ea
tin

g 
pa

tte
rn

s 
- s

ou
ps

 a
re

 e
at

en
 

th
ro

ug
ho

ut
 a

 m
ea

l, 
th

e 
fa

m
ily

 h
as

 fo
ur

 
or

 fi
ve

 d
is

he
s 

at
 th

e 
sa

m
e 

tim
e 

w
ith

 a
 

bo
w

l o
f r

ic
e.

  T
he

 tr
ad

iti
on

al
 d

rin
k 

is
 

gr
ee

n 
te

a.
N

ut
rit

io
n–

 n
oo

dl
es

 a
nd

 ri
ce

 a
re

 th
e 

st
ap

le
 fo

od
 a

nd
 a

re
 c

om
pl

ex
 

ca
rb

oh
yd

ra
te

s 
of

 th
e 

di
et

.  
Po

rk
, d

uc
k 

an
d 

ch
ic

ke
n 

ar
e 

th
e 

m
ai

n 
pr

ot
ei

n 
fo

od
s 

of
 th

e 
di

et
.  

Fr
ui

t a
nd

 
ve

ge
ta

bl
es

 p
ro

vi
de

 th
e 

vi
ta

m
in

s 
an

d 
m

in
er

al
s 

in
 th

e 
di

et
.

In
di

an
A 

tra
di

tio
na

l o
ve

n 
is

 ra
re

ly
 u

se
d 

 in
 

In
di

a;
 fo

od
 is

 c
oo

ke
d 

on
 h

ob
s.

  I
nd

ia
n 

fo
od

 is
 o

fte
n 

fri
ed

, a
nd

 a
 v

ar
ie

ty
 o

f 
sp

ic
es

 a
re

 b
le

nd
ed

 a
nd

 u
se

d 
to

 
en

ha
nc

e 
th

e 
fla

vo
ur

 o
f t

he
 fo

od
 

co
ok

ed
.

Ea
tin

g 
pa

tte
rn

s 
- a

ll 
th

e 
di

sh
es

 a
re

 
pl

ac
ed

  o
n 

th
e 

ta
bl

e 
at

 o
nc

e 
an

d 
sh

ar
ed

.  
In

di
an

s 
en

jo
y 

sn
ac

ks
 a

nd
 

th
es

e 
ar

e 
of

te
n 

so
ld

 in
 s

tre
et

 m
ar

ke
ts

.  
 

D
es

se
rts

 a
re

 o
nl

y 
so

ld
 o

n 
sp

ec
ia

l 
oc

ca
si

on
s 

su
ch

 a
s 

D
iw

al
i.

Nu
tri

tio
n 

- c
ha

pa
tis

, b
re

ad
s 

an
d 

ric
e 

ar
e 

th
e 

st
ap

le
 fo

od
 a

re
 c

om
pl

ex
 

ca
rb

oh
yd

ra
te

s.
  G

oa
t, 

la
m

b,
 le

nt
ils

 
an

d 
ch

ic
ke

n 
ar

e 
th

e 
m

ai
n 

pr
ot

ei
n 

fo
od

s 
of

 th
e 

di
et

.  
V

eg
et

ab
le

s 
pr

ov
id

e 
th

e 
vi

ta
m

in
s 

an
d 

m
in

er
al

s 
in

 th
e 

di
et

.

Ita
lia

n

Ita
ly

 h
as

 a
 lo

ng
 h

is
to

ry
 o

f c
oo

ki
ng

 
w

hi
ch

 d
at

es
 to

 th
e 

R
om

an
 ti

m
es

 
w

he
n 

th
e 

ba
nq

ue
ts

 w
er

e 
fa

m
ou

s.
  

Ita
lia

n 
fla

vo
ur

s 
ar

e 
si

m
pl

e 
an

d 
th

e 
on

ly
 u

se
 lo

ca
l i

ng
re

di
en

ts
.

Ea
tin

g 
pa

tte
rn

s 
- b

re
ak

fa
st

 is
 

us
ua

lly
 li

gh
t t

hi
s 

is
 th

en
 fo

llo
w

ed
 b

y 
tw

o 
m

ai
n 

m
ea

ls
 o

ne
 s

er
ve

d 
in

 th
e 

m
id

dl
e 

of
 th

e 
da

y 
th

e 
ot

he
r i

n 
th

e 
ev

en
in

g 
us

ua
lly

 q
ui

te
 la

te
.

Nu
tri

tio
n 

- t
he

 d
ie

t i
s 

ba
se

d 
on

 fr
es

h 
ve

ge
ta

bl
es

, h
er

bs
 a

nd
 fi

sh
 a

s 
w

el
l a

s 
ol

iv
e 

oi
l. 

 T
hi

s 
di

et
 is

 a
ss

oc
ia

te
d 

w
ith

 
go

od
 h

ea
lth

 a
nd

 a
t l

ow
er

 ri
sk

 o
f h

ea
rt 

di
se

as
e 

an
d 

st
ro

ke
.

Fo
od

 a
nd

 s
oc

ia
l m

ed
ia

Po
si

tiv
es

: l
oo

ks
 b

et
te

r, 
ca

n 
ge

t p
eo

pl
e 

to
 tr

y 
di

ffe
re

nt
 fo

od
s.

 
N

eg
at

iv
es

: f
oo

d 
is

 e
di

te
d 

so
 m

ig
ht

 lo
ok

 n
ot

hi
ng

 li
ke

 w
ha

t i
s 

m
ad

e,
 c

an
 b

e 
un

he
al

th
y.

W
hy

 d
o 

pe
op

le
 d

o 
it?

 –
 li

ke
s,

 fo
llo

w
er

s 
an

d 
to

 g
et

 s
po

ns
or

sh
ip

 
so

 th
ey

 a
re

 p
ai

d 
to

 d
o 

it.

G
re

ek
 fo

od
G

re
ek

 fo
od

 is
 a

n 
im

po
rt

an
t p

ar
t o

f l
ife

 in
 G

re
ec

e 
an

d 
is

 b
as

ed
 o

n 
fre

sh
, h

ea
lth

y i
ng

re
di

en
ts

 s
uc

h 
as

 o
liv

e 
oi

l, 
ve

ge
ta

bl
es

, f
is

h,
 o

liv
es

, a
nd

 fe
ta

 c
he

es
e.

 P
op

ul
ar

 d
is

he
s 

in
cl

ud
e 

m
ou

ss
ak

a,
 

so
uv

la
ki

, g
yr

os
, a

nd
 G

re
ek

 s
al

ad
. G

re
ek

 c
ui

si
ne

 is
 p

ar
t o

f t
he

 M
ed

ite
rra

ne
an

 d
ie

t, 
w

hi
ch

 is
 

kn
ow

n 
fo

r b
ei

ng
 n

ut
rit

io
us

. M
ea

ls
 a

re
 o

ft
en

 s
ha

re
d 

w
ith

 fa
m

ily
 a

nd
 fr

ie
nd

s,
 m

ak
in

g 
fo

od
 a

n 
im

po
rt

an
t s

oc
ia

l t
ra

di
tio

n 
in

 G
re

ek
 c

ul
tu

re
.

G
el

at
in

is
at

io
n

Pr
oc

es
s 

of
 a

 s
au

ce
 b

ei
ng

 th
ic

ke
ne

d 
by

 
us

in
g 

st
ar

ch
, l

iq
ui

d 
an

d 
he

at
. 

U
se

d 
to

 m
ak

e 
cu

st
ar

d,
 g

ra
vi

es
 a

nd
 c

he
es

e 
sa

uc
e.

Ul
tra

 p
ro

ce
ss

ed
 fo

od
 (U

PF
)

U
ltr

a-
pr

oc
es

se
d 

fo
od

s 
(U

PF
s)

 a
re

 fo
od

s 
th

at
 

ha
ve

 b
ee

n 
he

av
ily

 c
ha

ng
ed

 d
ur

in
g 

m
an

uf
ac

tu
rin

g 
an

d 
of

te
n 

co
nt

ai
n 

ad
de

d 
su

ga
r, 

sa
lt,

 fa
ts

, c
ol

ou
rs

, o
r p

re
se

rv
at

iv
es

. E
xa

m
pl

es
 

in
cl

ud
e 

cr
is

ps
, f

iz
zy

 d
rin

ks
, s

w
ee

ts
, i

ns
ta

nt
 

no
od

le
s,

 a
nd

 p
ac

ka
ge

d 
ca

ke
s.

 E
at

in
g 

to
o 

m
an

y 
U

PF
s 

ca
n 

in
cr

ea
se

 th
e 

ris
k 

of
 h

ea
lth

 p
ro

bl
em

s 
su

ch
 a

s 
ob

es
ity

 a
nd

 h
ea

rt
 d

is
ea

se
. A

 h
ea

lth
y 

di
et

 in
cl

ud
es

 m
or

e 
fre

sh
 fo

od
s 

lik
e 

fr
ui

t, 
ve

ge
ta

bl
es

, a
nd

 w
ho

le
 g

ra
in

s.

C
hi

ne
se

 
C

hi
ne

se
 fo

od
 is

 q
ui

ck
 to

 m
ak

e 
w

ith
 a

n 
em

ph
as

is
 o

n 
co

l-
ou

r, 
fla

vo
ur

 a
nd

 te
xt

ur
e.

  F
oo

d 
is

 s
tir

-fr
ie

d 
in

 a
 w

ok
 o

r 
st

ea
m

ed
 in

 a
 b

am
bo

o 
st

ea
m

er
—

bo
th

 a
re

 h
ea

lth
y 

w
ay

s 
of

 c
oo

ki
ng

. 
Ea

tin
g 

pa
tte

rn
s 

- s
ou

ps
 a

re
 

ea
te

n 
th

ro
ug

ho
ut

 a
 m

ea
l, 

th
e 

fa
m

ily
 h

as
 fo

ur
 o

r f
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Year 9 Course Content 
Term 1 

 
Units Sparx topic codes 
Fractions, decimals and percentages review U888      U594      U881      U916      U554      U349      U533 

Percentage change U773      U671      U286      U278 

Theoretical and experimental probability U166      U580      U280 

Calculations with standard form U264      U290      U161 

Linear inequalities U738      U145      U337 

Factorising and solving quadratic equations U178      U963      U228 

Rearranging formulae U556 

Constructing bisectors and perpendicular lines U787      U245 
Circles and cylinders U221      U373      U464      U915 

 
Term 2 
 
Units Sparx topic codes 
Error intervals U657      U108      U301 
Representations of 3D shapes U743 

Pythagoras’ theorem in 2D U385 

Ratio U687      U577 

Proportion word problems U721      U357      U610 

Equations of linear graphs U315      U669 
Speed and rates U151      U256 

Distance-time graphs U403      U914      U462      U966 

 

Term 3 
 
Units Sparx topic codes 
Plotting and interpreting quadratic graphs U989      U667      U601 
Angles U665      U826      U329      U427 

Bearings U525      U107 

Transforming shapes U696      U519     M881 

Similarity U551      U578 

Congruence U790      U886      U187 
Collecting and presenting data U322      U520      U717 

Scatter graphs U199      U277      U128 

Grouped data U312      U877      U840 

Column vectors U632      U903      U564      U660 
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Command words: 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
 

Useful websites: 
For homework and revision: sparxmaths.uk 

For revision:  corbettmaths.com 

   BBC Bitesize Revision 
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PE
YEAR 9



Basketball Overview

Basketball Overview

Core Skills to learn in this unit

1. Dribbling – using both hands, change of pace and 
direction.

2. Passing – chest, javelin, bounce, overhead, use of 
the fake. 

3. Receiving/intercepting – making a target 
(signaling), one/two handed catch, stationary and 
on the move, differing speeds and heights, 
rebounding, stealing. 

4. Shooting – lay-up, set shot, jump shot, free shot, 
use of the fake. 

5. Footwork and marking – stopping (jump stop, 
stride stop), pivoting, getting free, tracking (drop 
step). 

Lesson highlights
• Opportunities for self and peer assessment. 
• Feedback opportunities to support team mates and build leadership and communication skills

Local Clubs

Competitive Opportunities
• School team to practice on a Friday night after school. Bring your PE kit and a bottle of water to rehydrate

Cricket Overview

Cricket Overview

Core Skills to learn in this unit

1. Batting (defensive)
2. Batting (attacking)- drive, pull, sweep shot
3. Bowling – bowling for line and length, fast or 
slow bowling
4. Catching in the field (from close, from distance) 
or catching as wicket keeper (standing up, standing 
back). 
5. Throwing and ground fielding in the field (from 
close, from distance) or stumping and recovery 
work as a wicket keeper, long barrier technique.
 

Lesson highlights
• Opportunities for self and peer assessment. 
• Feedback opportunities to support team mates and build leadership and communication skills

Local Clubs

Competitive Opportunities
• School teams run throughout the year but particularly in the summer term. There are a lot of opportunities to represent the school at several 

competitions. Bring your PE kit and a bottle of water to rehydrate

Follow this link 
to find all junior 
cricket clubs in 
the North East 
and their 
contact details:

https://www.du
rhamcricket.co.u
k/wp-
content/uploads
/2023/04/DCB-
Junior-League-
Contacts-V3.pdf
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Netball Overview

Netball Overview

Core Skills to learn in this unit

1. Passing and receiving (chest pass, shoulder 
pass, one/two handed passing).

2. Dodging – single/double/sprint.
3. Marking a player.
4. Shooting (close/distance) or rebounding 

(attacking or defending) or marking a 
pass/intercepting (Centre court players).

5. Footwork and movement – landing on 
one/two feet, pivoting.

Lesson highlights
• Opportunities for self and peer assessment. 
• Feedback opportunities to support team mates and build leadership and communication skills

Local Clubs

Competitive Opportunities
• School teams begin from the start of the year and there are plenty of opportunities to represent the school. Make sure you are attending after-

school practices and bring your PE kit and a bottle of water to rehydrate. 

Badminton Overview

Badminton Overview

Core Skills to learn in this unit

1. Service – high, low, flick (forehand or 
backhand).

2. Overhead – clear, drop (forehand and 
backhand where appropriate).

3. Underarm – clear, drive, drop (forehand 
and backhand where appropriate).

4. Net play.
5. Smash.

Lesson highlights
• Opportunities for self and peer assessment. 
• Feedback opportunities to support team mates and build leadership and communication skills

Local Clubs

Competitive Opportunities
• Make sure you are attending after-school practices and bring your PE kit and a bottle of water to rehydrate. 

73



Athletics Overview

Hockey Overview

Core Skills to learn in this unit

1. Dribbling/moving with the ball – open and reverse 
stick, change of pace, dodging. 

2. Passing – push, hit, slap. 
3. Shooting – placement and power. 
4. Receiving – stationary, on the move, open and 

reverse stick. 
5. Marking/intercepting/tackling/jockeying – open and 

reverse stick tackles, jab tackle

Lesson highlights
• Opportunities for self and peer assessment. 
• Feedback opportunities to support team mates and build leadership and communication skills

Local Clubs

Competitive Opportunities
• Make sure you are attending after-school practices and bring your PE kit and a bottle of water to rehydrate. There are a lot of opportunities to 

compete in competitions against other schools.  

Hockey Overview

Athletics Overview

Core Skills to learn in this unit

Track
1.Starts/finishes.
2. Arm action – effectiveness and consistency.
3. Leg action to create appropriate pace – consistency
Jumps
1.Run-up/speed.
2. Take-off.
3. Flight and landing.
Throws
1. Grip, stance and preparation to throw.
2. Movement into throwing action.
3. Release, follow-through and recovery.

Lesson highlights
• Opportunities for self and peer assessment. 
• Feedback opportunities to support team mates and build leadership and communication skills

Local Clubs

Competitive Opportunities
• Make sure you are attending after-school practices and bring your PE kit and a bottle of water to rehydrate. There are a lot of opportunities to 

compete in competitions against other schools.  
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Table Tennis Overview

Volleyball Overview

Volleyball Overview

Core Skills to learn in this unit

1. Service – underarm and overarm
2. Dig –two arm (receiving serve and from team mates) 
3. Volley – set, straight, sideways, overhead
4. Smash/spike
5. Block – single and double

Lesson highlights
• Opportunities for self and peer assessment. 
• Feedback opportunities to support team mates and build leadership and communication skills

Local Clubs

Competitive Opportunities
• Make sure you are attending after-school practices and bring your PE kit and a bottle of water to rehydrate. There are a lot of opportunities to 

compete in competitions against other schools.  

Table Tennis Overview

Core Skills to learn in this unit

1. Service – forehand and backhand (with and without 
spin as appropriate). 

2. Drives – forehand and backhand (with and without 
topspin as appropriate).

3. Push – forehand and backhand (with and without 
backspin as appropriate). 

4. Smash – forehand and backhand (with and without 
spin as appropriate). 

5. Lob – forehand and backhand (with and without spin 
as appropriate). 

Lesson highlights
• Opportunities for self and peer assessment. 
• Feedback opportunities to support team mates and build leadership and communication skills

Local Clubs

Competitive Opportunities
• Make sure you are attending after-school practices and bring your PE kit and a bottle of water to rehydrate. There are a lot of opportunities to 

compete in competitions against other schools.  
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Fitness Overview

Football Overview

Football Overview

Core Skills to learn in this unit

1. First Touch – Consistency in ability to control/trap a 
football regardless of quality of pass from 
teammate.

2. Passing – Consistently chooses the correct option 
when passing the ball. Uses a variety of passes with 
different parts of the foot and consistently finds 
intended target.

3. Defending/Tackling - Can read opponent when they 
have the ball and can either perform a tackle or stop 
their opponent from going in the direction or space 
they want to.

4. On the ball – When in possession of the football is 
the learners head up looking around them? Can they 
move comfortably with the ball at their feet? Can 
they dribble and go past opponents when doing so?

5. Shooting – Learner should aim for corners of the net 
and consistently make clean contact on the ball.

Lesson highlights
• Opportunities for self and peer assessment. 
• Feedback opportunities to support team mates and build leadership and communication skills

Local Clubs

Competitive Opportunities
• School teams run throughout the year – See the PE department for more information on how to join a school team. Practice also occurs 

throughout the week, with futsal practice on a lunch time. 

Fitness Overview

Core Skills to learn in this unit

1. Year 7 – Components of Fitness – able to define 

and demonstrate each component

2. Year 8 – Fitness Testing – able to link tests to 

relevant component and discuss both benefits and 

limitations

3. Year 9 – Methods of Training – able to describe the 

methods before evaluating each one using sporting 

examples 

Lesson highlights
• Opportunities for self and peer assessment. 
• Feedback opportunities to support team mates and build leadership and communication skills

Local Clubs

Competitive Opportunities
• Make sure you are attending after-school clubs and bring your PE kit and a bottle of water to rehydrate. 

76



77 

R.E
YEAR 9



C
rim

e 
an

d 
Pu

ni
sh

m
en

t 

Ty
pe

s 
of

 c
rim

e

C
rim

e 
ag

ai
ns

t p
er

so
n-

ta
rg

et
s 

in
di

vi
du

al

e.
g.

 m
ur

de
r

C
rin

e
ag

ai
ns

t p
ro

pe
rt

y-
ta

rg
et

s 
bu

ild
in

g 
or

 la
nd

 
e.

g.
 tr

es
pa

ss
in

g

C
rim

e 
ag

ai
ns

t s
ta

te
-c

au
se

s 
is

su
es

 fo
r t

he
 

so
ci

et
y 

e.
g.

 te
rr

or
is

m

Ty
pe

s 
of

 p
un

is
hm

en
t

C
hr

is
tia

n 
At

tit
ud

es
 to

 L
aw

br
ea

ke
rs

Si
n 

is
 p

ar
t o

f h
um

an
 n

at
ur

e-
Ad

am
 a

nd
 

Ev
e 

an
d 

or
ig

in
al

 s
in

Bi
bl

e 
te

ac
he

s 
ab

ou
t r

ig
ht

 a
nd

 w
ro

ng
 

an
d 

ho
w

 to
 b

e 
a 

go
od

 p
er

so
n

e.
g

10
 c

om
m

an
dm

en
ts

-
H

el
p 

ot
he

rs
 to

 re
fo

rm
 a

nd
 b

ec
om

e 
be

tt
er

-
D

es
er

ve
 a

 p
un

is
hm

en
t

Q
uo

te
s

"e
ye

 fo
r a

n 
ey

e"
"lo

ve
 th

e 
si

nn
er

, h
at

e 
th

e 
si

n"
"d

o 
no

t m
ur

de
r"

"d
o 

no
t s

te
al

"
"o

ve
rc

om
e 

ev
il 

w
ith

 g
oo

d"
"lo

ve
 th

y n
ei

gh
bo

ur
"

"a
ny

on
e 

w
ho

 d
oe

s 
no

t d
o 

rig
ht

 is
 n

ot
 a

 c
hi

ld
 o

f G
od

"

G
oo

d 
an

d 
ev

il 
in

te
nt

io
ns

Ev
il 

ac
tio

ns
 u

su
al

ly
 li

nk
 to

 th
e 

in
te

nt
io

n 
be

hi
nd

 
th

e 
ac

tio
n.

 

e.
g.

 m
ur

de
rin

g 
be

ca
us

e 
th

ey
 h

at
e 

a 
pe

rs
on

So
m

e 
ac

tio
ns

 a
re

 'e
vi

l' 
in

 re
lig

io
ns

 b
ut

 n
ot

 
ag

ai
ns

t l
aw

s 
e.

g.
 a

du
lte

ry
 a

nd
 s

om
e 

ar
e 

ill
eg

al
 

e.
g.

 m
ur

de
r

Re
as

on
s 

fo
r c

rim
e

C
om

m
it 

be
ca

us
e 

of
 th

ei
r o

w
n 

ch
oi

ce

Fe
el

 li
ke

 it
 is

 a
 la

st
 re

so
rt

En
vi

ro
nm

en
t t

he
y 

ar
e 

su
rr

ou
nd

ed
 b

y 
e.

g.
 b

ro
ke

n 
ho

m
e

Pr
es

su
re

 fr
om

 o
th

er
s

St
an

d 
up

 a
ga

in
st

 a
 la

w
 th

at
 is

n'
t f

ai
r

Ai
m

s 
of

 p
un

is
hm

en
t

D
et

er
re

nc
e-

pr
ev

en
t f

ro
m

 d
oi

ng
 

cr
im

e 
ag

ai
n

Re
fo

rm
at

io
n-

C
ha

ng
in

g 
th

e 
cr

im
in

al

Re
tr

ib
ut

io
n 

-
G

et
tin

g 
w

ha
t t

he
y 

de
se

rv
e

Re
pa

ra
tio

n-
m

ak
in

g 
up

 fo
r w

ha
t 

yo
u 

ha
ve

 d
on

e

Vi
nd

ic
at

io
n-

Sh
ow

 th
e 

ru
le

s 
sh

ou
ld

 b
e 

fo
llo

w
ed

Pr
ot

ec
tio

n-
pr

ot
ec

t 
th

e 
so

ci
et

y

pu
ni

sh
m

en
t

Vi
ew

s

Pr
is

on
-

Pr
ot

ec
ts

 s
oc

ie
ty

 
-

A 
lo

t o
f r

eo
ffe

nd
in

g

C
om

m
un

ity
 

se
rv

ic
e

-
Su

pp
or

t t
o 

ge
t b

et
te

r 
-

N
ot

 h
ar

sh
 e

no
ug

h

C
or

po
ra

l 
pu

ni
sh

m
en

t 
-

Re
tr

ib
ut

io
n 

-
D

o 
no

t l
ea

rn
/g

et
 h

el
p

C
ap

ita
l 

pu
ni

sh
m

en
t

-
Pr

ot
ec

ts
 s

oc
ie

ty
, 

re
tr

ib
ut

io
n 

-
W

ro
ng

 p
er

so
n,

 n
o 

ch
an

ce
s

R
et

rie
va

l Q
ue

st
io

ns
1.

Ex
pl

ai
n 

th
re

e 
re

as
on

s 
fo

r c
rim

e.
  

2.
W

ha
t i

s 
th

e 
m

ai
n 

go
al

 o
f r

ef
or

m
at

io
n 

as
 a

n 
ai

m
 o

f p
un

is
hm

en
t?

3.
N

am
e 

th
e 

ty
pe

 o
f c

rim
e 

th
at

 ta
rg

et
s 

an
 in

di
vi

du
al

.
4.

N
am

e 
th

e 
ty

pe
 o

f c
rim

e 
th

at
 ta

rg
et

s 
pr

op
er

ty
.

5.
Ex

pl
ai

n 
w

hy
 p

ris
on

 m
ay

 b
e 

us
ed

 a
s 

a 
ty

pe
 o

f p
un

is
hm

en
t.

 
6.

Ex
pl

ai
n 

w
hy

 c
om

m
un

ity
 s

er
vi

ce
 w

ou
ld

 b
e 

us
ed

 a
s 

a 
ty

pe
 o

f p
un

is
hm

en
t. 

 
7.

Fr
om

 a
 C

hr
is

tia
n 

pe
rs

pe
ct

iv
e 

ex
pl

ai
n 

on
e 

id
ea

 a
bo

ut
 p

eo
pl

e 
w

ho
 b

re
ak

 th
e 

la
w

?

Ye
ar
 9
 –
 C
rim

e 
an

d 
Pu

ni
sh

m
en

t 

78



C
hr

is
tia

n 
Be

lie
fs

O
rig

in
al

 S
in

Pe
rfe

ct
 w

or
ld

 w
as

 b
ro

ke
n 

su
ffe

rin
g 

no
w

 h
ap

pe
ns

Ad
am

 a
nd

 E
ve

 u
se

d 
fr

ee
 w

ill
 to

 
di

so
be

y

Ev
er

yo
ne

 b
or

n 
w

ith
 s

in
 "t

he
 in

te
nt

 
of

 m
an

's
 h

ea
rt

is
 e

vi
l f

ro
m

 h
is

 
yo

ut
h"

C
ru

ci
fix

io
n

D
ie

d 
on

 th
e 

cr
os

s 
to

 h
el

p 
pe

op
le

 h
av

e 
a 

ch
an

ce
 o

f g
oi

ng
 

to
 h

ea
ve

n 
"

Su
ffe

re
d 

as
 R

om
an

s 
ha

te
d 

hi
s 

cl
ai

m
s 

he
 w

as
 th

e 
so

n 
of

 G
od


Su

ffe
rin

g 
lik

e 
hu

m
an

s,
 

re
si

lie
nc

e,
 o

m
ni

be
ne

vo
le

nt
, 

di
ed

 fo
r a

 p
ur

po
se

As
ce

ns
io

n

40
 d

ay
s 

af
te

r r
es

ur
re

ct
io

n.
 R

os
e 

up
 to

 h
ea

ve
n

M
is

si
on

 w
as

 c
om

pl
et

ed

To
ld

 o
th

er
s 

to
 s

pr
ea

d 
th

e 
w

or
d 

ab
ou

t G
od

 "
m

ak
e 

di
sc

ip
le

s 
of

 a
ll 

na
tio

ns
"

Sa
id

 h
e 

w
ill

 c
om

e 
ag

ai
n 

(P
ar

ou
si

a)

Re
su

rr
ec

tio
n

M
ar

y 
M

ag
de

lin
e 

fo
un

d 
Je

su
s.

 R
os

e 
fr

om
 th

e 
de

ad

In
st

ru
ct

ed
 to

 te
ll 

ot
he

r p
eo

pl
e 

to
 s

ho
w

 h
e 

w
as

 th
e 

so
n 

of
 G

od


D

iv
in

ity
, s

on
 o

f G
od

, p
ro

of
 fo

r C
hr

is
tia

ns
 a

bo
ut

 Je
su

s 
an

d 
th

e 
af

te
rli

fe
, E

as
te

r.
"h

e 
ha

s 
ris

en
"

Sa
lv

at
io

n/
 A

to
ne

m
en

t

Je
su

s 
dy

in
g 

on
 c

ro
ss

 a
llo

w
ed

 p
eo

pl
e 

a 
ch

an
ce

 o
f g

oi
ng

 to
 h

ea
ve

n 
if 

th
ey

 d
o 

rig
ht

 th
in

gs
 (f

or
gi

ve
-a

to
ne

m
en

t)

"f
or

 th
e 

w
ag

es
 o

f s
in

 is
 d

ea
th

 fr
ee

 g
ift

 o
f G

od
 is

 e
te

rn
al

 li
fe

"

La
w

-f
ol

lo
w

in
g 

ru
le

s
G

ra
ce

-b
el

ie
vi

ng
 in

 G
od

G
oo

d 
w

or
ks

-d
oi

ng
 g

oo
d 

ac
tio

ns

Sp
iri

t-
gu

id
in

g 
to

 m
ak

e 
rig

ht
 d

ec
is

io
ns

N
at

ur
e 

of
 G

od

O
m

ni
po

te
nt

-a
ll 

po
w

er
fu

l

O
m

ni
sc

ie
nt

-a
ll 

kn
ow

in
g

O
m

ni
be

ne
vo

le
nt

-a
ll 

lo
vi

ng

Ju
st

-f
ai

r

"T
he

re
 is

 n
o 

ot
he

r G
od

 b
es

id
e 

m
e"

Pr
ob

le
m

 o
f E

vi
l

If 
G

od
 h

ad
 th

es
e 

po
w

er
s 

w
hy

 d
oe

sn
’t 

he
 

st
op

 e
vi

l

M
or

al
-h

um
an

s 
N

at
ur

al
-n

at
ur

e

In
co

ns
is

te
nt

 tr
ia

d

Te
st

 fr
om

 G
od

?

Fr
ee

 w
ill

?

"w
he

n 
I w

an
t t

o 
do

 g
oo

d,
 e

vi
l i

s 
rig

ht
 

th
er

e 
w

ith
in

 m
e" C

re
at

io
n

G
en

es
is

Jo
hn

 

O
ld

 te
st

am
en

t
C

re
at

ed
 in

 6
 d

ay
s 

G
od

 c
re

at
ed

 
H

ol
y 

Sp
iri

t p
re

se
nt

 
"h

ov
er

in
g 

ov
er

 th
e 

w
at

er
s"

N
ew

 te
st

am
en

t 
N

o 
tim

e 
m

en
tio

ne
d

G
od

 c
re

at
ed

 
Je

su
s 

he
lp

ed
 

cr
ea

te
 

"t
he

 w
or

d.
.. 

al
l 

th
in

gs
 w

er
e 

m
ad

e"
 

In
ca

rn
at

io
n

As
 a

 h
um

an
 (s

ho
w

ed
 d

iv
in

e 
na

tu
re

 to
o)

H
um

an
-b

irt
h,

 e
m

ot
io

ns
 in

 te
m

pl
e,

 s
uf

fe
rin

g,
 c

ho
ic

es
 "o

ve
rtu

rn
ed

 th
e 

ta
bl

es
 o

f 
th

e 
m

on
ey

 c
ha

ng
er

s"

D
iv

in
e-

m
ira

cl
es

, p
ur

po
se

 to
 s

av
e,

 a
ng

el
s 


Re

la
ta

bl
e,

 k
no

w
 e

xp
er

ie
nc

es
, r

ol
e 

m
od

el
Af

te
rli

fe

H
ea

ve
n-

do
in

g 
rig

ht
 a

ct
io

ns

H
el

l-
Ba

d 
ac

tio
ns

Pu
rg

at
or

y-
C

at
ho

lic
 b

el
ie

f 
su

ffe
r t

o 
ge

t r
id

 o
f s

in
 th

en
 

he
av

en

Pa
ra

bl
e 

of
 s

he
ep

 a
nd

 g
oa

t-
sh

ee
p 

fo
llo

w
 G

od
an

d 
do

 
rig

ht
 a

ct
io

ns
 (h

ea
ve

n)
 g

oa
t 

do
n'

t h
el

p 
(h

el
l)

Ju
dg

em
en

t

G
en

er
al

-D
ay

 o
f J

ud
ge

m
en

t e
ve

ry
on

e 
w

ill
 b

e 
ju

dg
ed

"R
is

e 
fro

m
 th

ei
r 

gr
av

es
 a

nd
 b

e 
se

pa
ra

te
d"

Pa
rt

ic
ul

ar
-i

nd
iv

id
ua

l j
ud

ge
m

en
t o

n 
ac

tio
ns

Re
tr

ie
va

l Q
ue

st
io

ns
1.

W
ha

t a
re

 tw
o 

m
ai

n 
qu

al
iti

es
 o

r c
ha

ra
ct

er
is

tic
s 

th
at

 
C

hr
is

tia
ns

 b
el

ie
ve

 G
od

 p
os

se
ss

es
?

2.
W

ha
t i

s 
‘o

rig
in

al
 s

in
’ a

nd
 h

ow
 d

oe
s 

it 
re

la
te

 to
 e

ve
ry

on
e 

be
in

g 
bo

rn
 w

ith
 a

 c
er

ta
in

 "i
nt

en
t o

f m
an

's
 h

ea
rt

"?
3.

At
 th

e 
re

su
rr

ec
tio

n 
of

 Je
su

s.
 w

ha
t d

id
 M

ar
y M

ag
da

le
ne

 
fin

d,
 a

nd
 w

ha
t w

as
 Je

su
s'

 in
st

ru
ct

io
n 

to
 h

is
 fo

llo
w

er
s 

af
te

r h
is

 re
su

rr
ec

tio
n?

4.
In

 yo
ur

 o
w

n 
w

or
ds

, w
ha

t d
o 

yo
u 

th
in

k 
"f

or
 th

e 
w

ag
es

 o
f 

si
n 

is
 d

ea
th

 fr
ee

 g
ift

 o
f G

od
 is

 e
te

rn
al

 li
fe

." 
th

is
 m

ea
ns

?
5.

W
ha

t i
s 

th
e 

m
ai

n 
di

ffe
re

nc
e 

be
tw

ee
n 

H
ea

ve
n 

an
d 

H
el

l 
ac

co
rd

in
g 

to
 C

hr
is

tia
ns

?

Ye
ar
 9
 –
 C
hr
is
tia

n 
Be

lie
fs

79



SCIENCE
YEAR 9

80



C
on

ve
rs

io
ns

:
1k

m
 =

 1
00

0m
 (m

et
re

s)
1m

 =
 1

00
0m

m
 

(m
ill

im
et

re
s)

1m
m

 =
 1

00
0µ

m
 

(m
ic

ro
m

et
re

s)
1µ

m
 =

10
00

nm
 

(n
an

om
et

re
s)

1µ
m

 =
 0

.0
01

m
m

10
0µ

m
 =

 0
.1

m
m

Bo
x 

3

Sp
ec

ia
lis

ed
 c

el
ls

Th
es

e 
ar

e 
ce

lls
 th

at
 h

av
e 

sp
ec

ifi
c 

fe
at

ur
es

 o
r 

ad
ap

ta
tio

ns
 to

 p
er

fo
rm

 a
 p

ar
tic

ul
ar

 jo
b.

Sp
er

m
 c

el
ls

 - 
lo

ng
 ta

il 
fo

r m
ov

em
en

t a
nd

 a
n 

ac
ro

so
m

e 
co

nt
ai

ni
ng

 e
nz

ym
es

 to
 h

el
p 

di
ge

st
 

th
e 

ou
ts

id
e 

of
 th

e 
eg

g
Ne

rv
e 

Ce
lls

 –
 lo

ng
 a

xo
n,

 lo
ts

 o
f d

en
dr

ite
s 

fo
r 

co
nn

ec
tio

ns
 to

 m
an

y 
ce

lls
 

M
us

cl
e 

Ce
lls

 - 
sp

ec
ia

l p
ro

te
in

s 
to

 h
el

p 
th

e 
ce

ll 
co

nt
ra

ct
, l

ot
s 

of
 m

ito
ch

on
dr

ia
Ro

ot
 H

ai
r C

el
ls

 - 
lo

ng
 h

ai
r l

ik
e 

ex
te

ns
io

n 
in

cr
ea

se
s 

su
rfa

ce
 a

re
a 

fo
r a

bs
or

pt
io

n 
of

 
w

at
er

 a
nd

 m
in

er
al

s
Ph

lo
em

 c
el

ls
 - 

ce
ll 

w
al

ls
 b

et
w

ee
n 

ce
lls

 
br

ea
kd

ow
n 

to
 a

llo
w

 tr
an

sp
or

t o
f s

ug
ar

s 
m

ad
e 

in
 p

ho
to

sy
nt

he
si

s 
Xy

le
m

 c
el

ls
 - 

ol
de

r c
el

ls
 a

re
 d

ea
d 

an
d 

ha
ve

 
th

ic
ke

ni
ng

 to
 g

iv
e 

th
em

 s
tre

ng
th

.
Ph

ot
os

yn
th

et
ic

 c
el

ls
 –

 h
av

e 
lo

ts
 o

f 
ch

lo
ro

pl
as

ts
 to

 a
bs

or
b 

lig
ht

 fo
r 

ph
ot

os
yn

th
es

is

Bo
x 

5Bo
x 

4

BI
OL

OG
Y 

B1
A 

CE
LL

 S
TR

UC
TU

RE
 A

ND
 T

RA
NS

PO
RT

K
ey

 w
or

d
D

ef
in

iti
on

Eu
ka

ry
ot

ic
C

el
l w

ith
 a

 n
uc

le
us

Pr
ok

ar
yo

tic
C

el
l w

ith
ou

t a
 n

uc
le

us
Su

b-
ce

llu
la

r 
st

ru
ct

ur
es

/ 
or

ga
ne

lle
s

Sm
al

l s
tru

ct
ur

es
 in

si
de

 
a 

ce
ll 

e.
g.

 n
uc

le
us

.  
So

m
e 

ar
e 

bi
gg

er
 th

an
 

pr
ok

ar
yo

tic
 c

el
ls

.

N
uc

le
us

C
on

ta
in

s 
D

N
A

C
yt

op
la

sm
W

he
re

 c
he

m
ic

al
 

re
ac

tio
ns

 ta
ke

 p
la

ce
C

el
l m

em
br

an
e

C
on

tro
ls

 w
ha

t e
nt

er
s 

an
d 

le
av

es
 th

e 
ce

ll
M

ito
ch

on
dr

ia
W

he
re

 a
er

ob
ic

 
re

sp
ira

tio
n 

ta
ke

s 
pl

ac
e

R
ib

os
om

es
W

he
re

 p
ro

te
in

s 
ar

e 
m

ad
e

C
hl

or
op

la
st

s
W

he
re

 p
ho

to
sy

nt
he

si
s 

oc
cu

rs
Va

cu
ol

e
C

on
ta

in
s 

ce
ll 

sa
p

D
iff

er
en

tia
tio

n
W

he
n 

a 
ce

ll 
be

co
m

es
 a

 
sp

ec
ia

lis
ed

 c
el

l
C

el
l w

al
l

M
ad

e 
of

 c
el

lu
lo

se
.  

Su
pp

or
ts

 a
nd

 
st

re
ng

th
en

s 
th

e 
ce

ll
M

ito
si

s
C

el
l d

iv
is

io
n 

w
he

re
 o

ne
 

se
t o

f c
hr

om
os

om
es

 
ar

e 
pu

lle
d 

to
 e

ac
h 

en
d 

of
 th

e 
ce

ll 
an

d 
th

e 
nu

cl
eu

s 
di

vi
de

s
St

em
 c

el
l

C
el

ls
 th

at
 a

re
 

un
di

ffe
re

nt
ia

te
d 

bu
t c

an
 

tu
rn

 in
to

 a
ny

 ty
pe

 o
f c

el
l

C
el

l m
em

br
an

e
C

el
l w

al
l

Lo
o

p 
of

 D
N

A
ri

bo
so

m
es

fla
ge

llu
m

Ba
ct

er
ia

 c
el

ls
 

ha
ve

 n
o 

nu
cl

eu
s,

 th
ey

 
ha

ve
 a

 lo
ng

 lo
op

 
of

 D
N

A 
an

d 
m

ay
 

ha
ve

 s
m

al
l r

in
gs

 
of

 D
N

A 
ca

lle
d 

pl
as

m
id

s.

B
ac

te
ri

al
 c

el
l 

pl
as

m
id

M
ic

ro
sc

op
y

Im
ag

e
siz

e

Bo
x 

1

Bo
x 

2

N
um

be
r

St
an

da
rd

 fo
rm

15
0

1.
5 

x1
02

55
60

5.
6 

x 
10

3

23
7.

5
2.

37
5 

x 
10

2

0.
02

3
2.

3 
x1

0-2

0.
00

05
5.

0 
x1

0-4

Im
ag

e 
si

ze
 =

 m
ag

ni
fic

at
io

n 
x 

re
al

 s
iz

e

Bo
x 

6

Eu
ka

ry
ot

ic
 c

el
ls

Pr
ok

ar
yo

tic
 c

el
l

Li
gh

t m
ic

ro
sc

op
es

 u
se

 li
gh

t w
hi

ch
 h

as
 a

 
lo

ng
 w

av
el

en
gt

h 
an

d 
ha

s 
a 

lo
w

er
 

re
so

lu
tio

n.
  S

om
e 

lig
ht

 m
ic

ro
sc

op
es

 h
av

e 
a 

m
ag

ni
fic

at
io

n 
up

 to
 x

20
00

El
ec

tro
n 

m
ic

ro
sc

op
es

 u
se

 
el

ec
tro

ns
 w

hi
ch

 h
av

e 
a 

sh
or

te
r 

w
av

el
en

gt
h 

th
an

 li
gh

t a
nd

 h
av

e 
a 

hi
gh

er
 re

so
lu

tio
n.

  T
he

 
m

ag
ni

fic
at

io
n 

ca
n 

be
 u

p 
to

 
x2

00
00

00
 

R
ib

os
om

es
  

1

Bi
ol
og

y 
B1

a 
Ce

ll 
St
ru
ct
ur
e 
an

d 
tr
an

sp
or
t

81



Bo
x 

3

Bo
x 

5

Bo
x 

4

BI
OL

OG
Y 

B1
B 

CE
LL

 S
TR

UC
TU

RE
 A

ND
 T

RA
NS

PO
RT

Ke
y 

w
or

d
De

fin
iti

on
Di

ffu
si

on
Th

e 
m

ov
em

en
t o

f p
ar

tic
le

s 
fro

m
 a

 H
IG

H
 

co
nc

en
tra

tio
n 

to
 a

 L
O

W
 c

on
ce

nt
ra

tio
n 

do
w

n 
a 

co
nc

en
tra

tio
n 

gr
ad

ie
nt

O
sm

os
is

Th
e 

m
ov

em
en

t o
f W

A
TE

R
 a

cr
os

s 
a 

m
em

br
an

e 
fro

m
 a

 D
IL

U
TE

 S
O

LU
TI

O
N

 
to

 a
 M

O
R

E 
C

O
N

C
EN

TR
AT

ED
 

SO
LU

TI
O

N
 o

r f
ro

m
 a

 H
IG

H
 

co
nc

en
tra

tio
n 

of
 w

at
er

 to
 a

 L
O

W
 

co
nc

en
tra

tio
n 

of
 w

at
er

.
Ac

tiv
e 

tra
ns

po
rt

Th
e 

m
ov

em
en

t o
f p

ar
tic

le
s,

 e
.g

. m
in

er
al

 
io

ns
, f

ro
m

 a
 L

O
W

 c
on

ce
nt

ra
tio

n 
to

 a
 

H
IG

H
 c

on
ce

nt
ra

tio
n,

 A
G

AI
N

ST
 th

e 
co

nc
en

tra
tio

n 
gr

ad
ie

nt
, u

si
ng

 E
N

ER
G

Y

Pa
rti

al
ly

 
pe

rm
ea

bl
e 

m
em

br
an

e

A 
m

em
br

an
e 

th
at

 o
nl

y 
al

lo
w

s 
so

m
e 

ty
pe

s 
of

 p
ar

tic
le

s 
th

ro
ug

h.

Co
nc

en
tr

at
io

n 
gr

ad
ie

nt
Th

e 
di

ffe
re

nc
e 

in
 c

on
ce

nt
ra

tio
n 

be
tw

ee
n 

tw
o 

ar
ea

s.
Di

lu
te

A 
di

lu
te

 s
ol

ut
io

n 
ha

s 
a 

hi
gh

 
co

nc
en

tra
tio

n 
of

 w
at

er
 m

ol
ec

ul
es

.
Co

nc
en

tr
at

ed
A 

co
nc

en
tra

te
d 

so
lu

tio
n 

ha
s 

a 
lo

w
 

co
nc

en
tra

tio
n 

of
 w

at
er

 m
ol

ec
ul

es
. 

Hy
pe

rto
ni

c
W

he
n 

th
e 

co
nc

en
tra

tio
n 

of
 s

ol
ut

es
 

ou
ts

id
e 

th
e 

ce
ll 

is
 h

ig
he

r t
ha

n 
th

e 
co

nc
en

tra
tio

n 
of

 s
ol

ut
es

 in
si

de
 th

e 
ce

ll.
Hy

po
to

ni
c

W
he

n 
th

e 
co

nc
en

tra
tio

n 
of

 s
ol

ut
es

 
ou

ts
id

e 
th

e 
ce

ll 
is

 lo
w

er
 th

an
 th

e 
co

nc
en

tra
tio

n 
of

 s
ol

ut
es

 o
ut

si
de

 th
e 

ce
ll.

Is
ot

on
ic

W
he

n 
th

e 
co

nc
en

tra
tio

n 
of

 s
ol

ut
es

 in
si

de
 

an
d 

ou
ts

id
e 

of
 th

e 
ce

ll 
ar

e 
th

e 
sa

m
e.

Bo
x 

1

Bo
x 

2

Bo
x 

6

D
iff

us
io

n

Fa
ct

or
s 

af
fe

ct
in

g 
th

e 
ra

te
 o

f d
iff

us
io

n:
•

C
on

ce
nt

ra
tio

n 
gr

ad
ie

nt
 –

 th
e 

st
ee

pe
r 

th
e 

co
nc

en
tra

tio
n 

gr
ad

ie
nt

, t
he

 fa
st

er
 

th
e 

ra
te

 o
f d

iff
us

io
n.

•
Te

m
pe

ra
tu

re
 –

 th
e 

hi
gh

er
 th

e 
te

m
pe

ra
tu

re
 th

e 
m

or
e 

ki
ne

tic
 e

ne
rg

y 
th

e 
pa

rti
cl

es
 w

ill
 h

av
e.

 T
he

se
 m

ea
ns

 
th

ey
 a

re
 g

oi
ng

 to
 m

ov
e 

fro
m

 a
 h

ig
h 

co
nc

en
tra

tio
n 

to
 a

 lo
w

 c
on

ce
nt

ra
tio

n 
m

or
e 

qu
ic

kl
y.

 

Ac
tiv

e 
tra

ns
po

rt 
is

 im
po

rta
nt

 fo
r t

he
 a

bs
or

pt
io

n 
of

 
m

in
er

al
 io

ns
 w

hi
ch

 a
re

 fo
un

d 
in

 v
er

y 
lo

w
 

co
nc

en
tra

tio
ns

 in
 th

e 
so

il,
 in

to
 th

e 
ro

ot
s 

w
he

re
 th

ey
 

ar
e 

at
 a

 h
ig

he
r c

on
ce

nt
ra

tio
n.

Ac
tiv

e 
tra

ns
po

rt 
is

 a
ls

o 
im

po
rta

nt
 fo

r t
he

 a
bs

or
pt

io
n 

of
 s

ug
ar

 s
uc

h 
as

 g
lu

co
se

 o
ut

 o
f t

he
 g

ut
 a

nd
 in

to
 

th
e 

bl
oo

d.
2

Bi
ol
og

y 
B1

b 
Ce

ll 
St
ru
ct
ur
e 
an

d 
tr
an

sp
or
t

82



Bo
x 

1

St
em

 C
el

ls
 E

th
ic

s 
& 

pr
ob

le
m

s
Et

hi
ca

l c
on

ce
rn

s 
ab

ou
t u

si
ng

 e
m

br
yo

s.
 T

he
y 

ha
ve

 th
e 

po
te

nt
ia

l t
o 

be
 a

 
hu

m
an

 li
fe

 b
ut

 a
re

 d
es

tro
ye

d 
or

 o
nl

y 
de

ve
lo

p 
in

to
 p

ar
tic

ul
ar

 c
el

l t
yp

es
. 

M
an

y 
pe

op
le

 o
bj

ec
t o

n 
re

lig
io

us
 g

ro
un

ds
 d

ue
 to

 d
en

yi
ng

 a
 p

ot
en

tia
l l

ife
. 

So
m

e 
pe

op
le

 a
rg

ue
 a

 lo
t o

f m
on

ey
 is

 w
as

te
d 

on
 s

te
m

 c
el

ls
 w

hi
ch

 c
ou

ld
 

be
 b

et
te

r s
pe

nt
 o

n 
ot

he
r t

re
at

m
en

ts
/re

se
ar

ch
. T

he
re

 is
 a

 ri
sk

 th
e 

ce
lls

 
co

ul
d 

be
 in

fe
ct

ed
 b

y 
vi

ru
se

s 
or

 th
at

 th
e 

ce
lls

 m
ay

 b
e 

re
je

ct
ed

 b
y 

th
e 

hu
m

an
 b

od
y.

 

BI
OL

OG
Y 

B2
 C

EL
L D

IV
IS

IO
N

Ke
y 

w
or

d
De

fin
iti

on
Di

ffe
re

nt
ia

tio
n

W
he

n 
a 

ce
ll 

be
co

m
es

 a
 s

pe
ci

al
is

ed
 c

el
l

M
ito

si
s

C
el

l d
iv

is
io

n 
w

he
re

 o
ne

 s
et

 o
f c

hr
om

os
om

es
 a

re
 p

ul
le

d 
to

 e
ac

h 
en

d 
of

 th
e 

ce
ll 

an
d 

th
e 

nu
cl

eu
s 

di
vi

de
s

St
em

 c
el

l
C

el
ls

 th
at

 a
re

 u
nd

iff
er

en
tia

te
d 

bu
t c

an
 d

iff
er

en
tia

te
 in

to
 a

 
sp

ec
ia

lis
ed

 c
el

l
Cl

on
e

A 
ge

ne
tic

al
ly

 id
en

tic
al

 c
op

y 
of

 a
 c

el
l

Zy
go

te
Th

e 
fir

st
 c

el
l m

ad
e 

af
te

r f
er

til
is

at
io

n
Em

br
yo

Th
e 

ve
ry

 e
ar

ly
 s

ta
ge

s 
of

 d
ev

el
op

m
en

t o
f a

 m
ul

ti 
ce

lle
d 

or
ga

ni
sm

.
Ad

ul
t s

te
m

 c
el

l
St

em
 c

el
ls

 in
 a

du
lts

 th
at

 c
an

 o
nl

y 
fo

rm
 a

 li
m

ite
d 

nu
m

be
r 

of
 c

el
ls

Em
br

yo
ni

c 
st

em
 c

el
l

St
em

 c
el

ls
 in

 e
m

br
yo

s 
th

at
 c

an
 fo

rm
 a

ll 
ce

lls
 o

f t
he

 b
od

y
M

er
is

te
m

 c
el

ls
Th

e 
na

m
e 

gi
ve

n 
to

 p
la

nt
 s

te
m

 c
el

ls
. T

he
y 

ca
n 

di
ffe

re
nt

ia
te

 in
to

 a
ny

 p
la

nt
 c

el
l 

Th
er

ap
eu

tic
 c

lo
ni

ng
M

ak
in

g 
an

 e
m

br
yo

 u
si

ng
 a

 p
at

ie
nt

s 
ow

n 
st

em
 c

el
ls

 to
 

he
lp

 p
ro

du
ce

 n
ew

 ti
ss

ue
s 

an
d 

or
ga

ns
 to

 tr
ea

t t
he

 p
at

ie
nt

G
en

e
Sm

al
l s

ec
tio

ns
 o

f D
N

A
 o

n 
a 

ch
ro

m
os

om
e 

th
at

 c
on

tro
l a

 
ch

ar
ac

te
ris

tic
.

Ch
ro

m
os

om
e

Th
in

 s
tra

nd
s 

of
 D

N
A 

th
at

 c
on

ta
in

 a
ll 

th
e 

ge
ne

s 
ne

ed
ed

 to
 

m
ak

e 
an

 o
rg

an
is

m
.

Bo
x 

4

C
el

l c
yc

le
Th

e 
gr

ow
in

g 
an

d 
di

vi
si

on
 o

f c
el

ls
 to

 re
pa

ir 
an

d 
m

ai
nt

ai
n 

ex
is

tin
g 

ce
lls

. T
hi

s 
pr

oc
es

s 
ha

s 
th

re
e 

pa
rts

:
St

ag
e 

1:
 In

te
rp

ha
se

: G
ro

w
th

 a
nd

 D
N

A 
R

ep
lic

at
io

n
•

C
el

l d
ev

el
op

s 
m

or
e 

su
bc

el
lu

la
r s

tru
ct

ur
es

 a
nd

 c
op

ie
s 

D
N

A 
re

ad
y 

fo
r t

he
 c

el
l t

o 
di

vi
de

. 
St

ag
e 

2:
 M

ito
si

s:
 th

e 
pr

oc
es

s 
se

pa
ra

tin
g 

ch
ro

m
os

om
es

•
X 

sh
ap

ed
 c

hr
om

os
om

es
 (m

ad
e 

of
 th

e 
D

N
A)

 li
ne

 u
p 

at
 th

e 
ce

nt
re

 o
f t

he
 c

el
l a

nd
 c

el
l f

ib
re

s 
(s

pi
nd

le
s)

 p
ul

l t
he

m
 a

pa
rt.

 T
he

 
tw

o 
‘a

rm
s’

 o
f t

he
 X

-s
ha

pe
d 

ch
ro

m
os

om
e 

ar
e 

pu
lle

d 
to

 o
pp

os
ite

 
en

ds
 o

f t
he

 c
el

l.
•

M
em

br
an

es
 fo

rm
 a

ro
un

d 
ea

ch
 s

et
 o

f c
hr

om
os

om
es

, t
he

se
 fo

rm
 

in
to

 e
ac

h 
ce

ll’
s 

nu
cl

eu
s

St
ag

e 
3:

 C
yt

ok
in

es
is

 –
 s

pl
itt

in
g 

of
 th

e 
ce

ll 
m

em
br

an
e

•
Th

e 
cy

to
pl

as
m

 a
nd

 c
el

l m
em

br
an

e 
di

vi
de

. T
he

 c
el

l h
as

 n
ow

 
be

co
m

e 
tw

o 
ex

ac
tly

 id
en

tic
al

 d
au

gh
te

r c
el

ls
. T

he
y 

ar
e 

cl
on

es
 o

f 
th

e 
or

ig
in

al
 c

el
l.

Bo
x 

2

Bo
x 

3

In
 th

er
ap

eu
tic

 c
lo

ni
ng

, t
he

 n
uc

le
us

 o
f t

he
 p

at
ie

nt
's

 b
od

y 
ce

ll 
is

 re
m

ov
ed

 a
nd

 tr
an

sf
er

re
d 

in
to

 a
 d

on
or

 e
gg

 c
el

l t
ha

t h
as

 a
ls

o 
ha

d 
its

 n
uc

le
us

 re
m

ov
ed

. T
he

 e
gg

 c
el

l i
s 

st
im

ul
at

ed
 to

 
di

vi
de

, e
ve

nt
ua

lly
 b

ec
om

in
g 

an
 e

m
br

yo
 c

on
ta

in
in

g 
st

em
 c

el
ls

. T
he

se
 s

te
m

 c
el

ls
 a

re
 th

en
 

m
ad

e 
to

 d
iff

er
en

tia
te

 in
to

 c
er

ta
in

 c
el

l o
r t

is
su

e 
ty

pe
s,

 d
ep

en
di

ng
 o

n 
w

ha
t c

el
l i

s 
ne

ed
ed

.

3

Bi
ol
og

y 
B2

 C
el
l d

iv
is
io
n

83



Bo
x 

4

En
zy

m
e

Lo
ca

tio
n

Fu
nc

tio
n

Am
yl

as
e

Sa
liv

ar
y 

gl
an

ds
, 

Pa
nc

re
as

, S
m

al
l 

in
te

st
in

e

Br
ea

ks
 s

ta
rc

h 
in

to
 m

al
to

se

Pr
ot

ea
se

St
om

ac
h,

 
Pa

nc
re

as
, S

m
al

l 
in

te
st

in
e

Br
ea

ks
 p

ro
te

in
s 

in
to

 a
m

in
o 

ac
id

s

Li
pa

se
Pa

nc
re

as
, S

m
al

l 
in

te
st

in
e

Br
ea

ks
 li

pi
ds

 in
to

 
fa

tty
 a

ci
ds

 a
nd

 
gl

yc
er

ol

BI
OL

OG
Y 

B3
 O

RG
AN

IS
AT

IO
N 

AN
D 

TH
E 

DI
GE

ST
IV

E 
SY

ST
EM

Bo
x 

1
Ke

y 
w

or
d

De
fin

iti
on

su
bs

tra
te

Th
e 

su
bs

ta
nc

e 
an

 e
nz

ym
e 

co
m

bi
ne

s 
w

ith
ac

tiv
e 

si
te

Th
e 

pa
rt 

of
 e

nz
ym

e 
w

ith
 a

 u
ni

qu
e 

sh
ap

e 
in

to
 w

hi
ch

 a
 s

ub
st

ra
te

 fi
ts

de
na

tu
re

d
Th

e 
ch

an
ge

 in
 s

ha
pe

 o
f a

n 
ac

tiv
e 

si
te

 re
su

lti
ng

 in
 th

e 
su

bs
tra

te
 n

o 
lo

ng
er

 fi
tti

ng
 in

 th
e 

ac
tiv

e 
si

te
. 

M
ay

 o
cc

ur
 b

ec
au

se
 o

f 
te

m
pe

ra
tu

re
 o

r p
H

 c
ha

ng
es

 in
 th

e 
en

vi
ro

nm
en

t
gl

an
d

a 
tis

su
e 

w
hi

ch
 m

ak
es

 a
nd

 re
le

as
es

 
ot

he
r c

he
m

ic
al

s 
e.

g.
 e

nz
ym

es
, 

ho
rm

on
es

 a
nd

 H
C

l
Bo

x 
5

Bo
x 

3

Bo
x 

6

C
el

l e
.g

. m
us

cl
e 

ce
ll

Ti
ss

ue
 –

 a
 g

ro
up

 o
f 

si
m

ila
r 

ce
lls

 
w

or
ki

ng
 

to
ge

th
er

 
to

 
ca

rry
 o

ut
 t

he
 s

am
e 

jo
b 

e.
g.

 
ca

rd
ia

c 
m

us
cl

e
O

rg
an

 
– 

a 
co

lle
ct

io
n 

of
 

tis
su

es
 w

or
ki

ng
 t

og
et

he
r 

e.
g.

 
he

ar
t

O
rg

an
 

sy
st

em
 

- 
se

ve
ra

l 
or

ga
ns

 
w

or
ki

ng
 

to
ge

th
er

 
e.

g.
 c

irc
ul

at
or

y 
sy

st
em

O
rg

an
is

m
 

- 
se

ve
ra

l 
or

ga
n 

sy
st

em
s 

w
or

ki
ng

 
to

ge
th

er
 

e.
g.

 ra
bb

it

Bo
x 

2

Bi
le

 is
 p

ro
du

ce
d 

in
 li

ve
r, 

st
or

ed
 in

 th
e

 g
al

l b
la

dd
er

 
an

d 
re

le
as

ed
in

to
 th

e 
sm

al
l i

nt
es

tin
e.

 H
er

e 
it 

ne
ut

ra
lis

es
 th

e 
H

C
l a

ci
d 

m
ix

ed
w

ith
 fo

od
 c

om
in

g 
fro

m
 th

e 
st

om
ac

h.
 T

hi
s 

pr
ov

id
es

 th
e 

co
rre

ct
 

pH
fo

r t
he

 e
nz

ym
es

 in
 th

e 
sm

al
l i

nt
es

tin
e 

to
 fu

nc
tio

n 
pr

op
er

ly.
 B

ile
al

so
 

em
ul

si
fie

s 
fa

ts
 in

to
 s

m
al

l 
dr

op
s 

– 
gi

vi
ng

 a
 m

uc
h 

la
rg

er
su

rfa
ce

 a
re

a 
fo

r 
lip

as
e 

en
zy

m
es

 to
 

br
ea

kd
ow

n 
fa

t.

4

Bi
ol
og

y 
B3

 o
rg
an

is
at
io
n 
an

d 
th
e 
di
ge

st
iv
e 
sy
st
em

84



Ve
ss

el
W

he
re

St
ru

ct
ur

e
Ad

di
tio

na
l f

ea
tu

re
Ar

te
ry

Aw
ay

 fr
om

 h
ea

rt
Th

ic
k 

 m
us

cu
la

r w
al

l, 
th

ic
k 

el
as

tic
 ti

ss
ue

Sm
al

l l
um

en

H
ig

h 
pr

es
su

re
 b

lo
od

 fl
ow

Ve
in

To
 th

e 
he

ar
t

Th
in

 m
us

cu
la

r w
al

l, 
La

rg
e 

lu
m

en
Lo

w
 p

re
ss

ur
e,

 v
al

ve
s 

to
 s

to
p 

bl
oo

d 
flo

w
in

g 
th

e 
w

ro
ng

 w
ay

C
ap

ill
ar

y
C

on
ne

ct
s 

ar
te

rie
s 

to
 v

ei
ns

 –
 a

llo
w

s 
ex

ch
an

ge
 o

f 
su

bs
ta

nc
es

O
ne

 c
el

l t
hi

ck
 w

al
l,

Ve
ry

 s
m

al
l l

um
en

Pe
rm

ea
bl

e 
w

al
ls

 in
cr

ea
si

ng
 th

e 
ra

te
 o

f d
iff

us
io

n

BI
OL

OG
Y 

B4
 P

AR
T 

A 
OR

GA
NI

SI
NG

 A
NI

M
AL

S 
AN

D 
PL

AN
TS

Bo
x 

2
B

lo
od

:
Re

d 
bl

oo
d 

ce
lls

 –
 C

ar
ry

 O
2, 

N
o 

nu
cl

eu
s 

to
 h

el
p 

st
or

e 
lo

ts
 o

f h
ae

m
og

lo
bi

n.
 D

is
k 

sh
ap

e 
fo

r 
a 

la
rg

e 
su

rfa
ce

 a
re

a 
to

 a
bs

or
b 

ox
yg

en
. 

W
hi

te
 b

lo
od

 c
el

ls
 –

 in
vo

lv
ed

 in
 th

e 
im

m
un

e 
sy

st
em

 to
 d

ef
en

d 
th

e 
bo

dy
 fr

om
 in

fe
ct

io
n.

Pl
at

el
et

s 
– 

H
el

p 
bl

oo
d 

cl
ot

  a
nd

 h
el

p 
fo

rm
 s

ca
bs

 o
n 

w
ou

nd
s.

Pl
as

m
a 

– 
A 

ye
llo

w
 l

iq
ui

d 
th

at
 t

ra
ns

po
rts

 C
O

2, 
ur

ea
 (

w
as

te
), 

ho
rm

on
es

, 
pr

ot
ei

ns
, 

an
tib

od
ie

s 
/ 

an
tit

ox
in

s,
 g

lu
co

se
, w

at
er

, a
m

in
o 

ac
id

s,
 fa

tty
 a

ci
ds

 a
nd

 g
ly

ce
ro

l. 

Bo
x 

4
A

:  
A

rt
er

y
B:

  V
ei

n
C

: C
ap

ill
ar

y

Bo
x 

3

Bo
x 

1
Ke

y 
w

or
d

De
fin

iti
on

St
en

t
U

se
d 

to
 k

ee
p 

na
rr

ow
ed

 o
r b

lo
ck

ed
 a

rte
rie

s 
op

en
St

at
in

A 
dr

ug
 w

hi
ch

 re
du

ce
s 

ch
ol

es
te

ro
l l

ev
el

s 
in

 th
e 

bl
oo

d,
 re

du
ci

ng
 th

e 
ris

k 
of

 h
ea

rt 
di

se
as

e
Pa

ce
m

ak
er

Pa
rt 

of
 th

e 
he

ar
t –

 in
 th

e 
w

al
ls

 o
f t

he
 ri

gh
t a

tri
um

 w
hi

ch
 c

on
tro

ls
 th

e 
rh

yt
hm

 o
f t

he
 h

ea
rt

Ar
tif

ic
ia

l p
ac

em
ak

er
An

 e
le

ct
ric

al
 d

ev
ic

e 
us

ed
 to

 c
or

re
ct

 a
n 

irr
eg

ul
ar

 h
ea

rt 
be

at
Al

ve
ol

us
Ti

ny
 a

ir 
sa

cs
 in

 th
e 

lu
ng

 in
cr

ea
si

ng
 s

ur
fa

ce
 a

re
as

 fo
r g

as
 e

xc
ha

ng
e

5

Bo
x 

5

Bi
ol
og

y 
B4

 p
ar
t A

 o
rg
an

is
in
g 
an

im
al
s 
an

d 
pl
an

ts

85



BI
OL

OG
Y 

B4
 P

AR
T 

B 
OR

GA
NI

SI
NG

 A
NI

M
AL

S 
AN

D 
PL

AN
TS

Bo
x 

4
Bo

x 
1

Ke
y 

w
or

d
De

fin
iti

on
Pa

lis
ad

e 
la

ye
r

Ti
ss

ue
 c

on
ta

in
in

g 
lo

ts
 o

f c
hl

or
op

la
st

 w
hi

ch
 c

ar
ry

 o
ut

 p
ho

to
sy

nt
he

si
s

Sp
on

gy
 m

es
op

hy
ll

Ti
ss

ue
 w

ith
 lo

ts
 o

f a
ir 

sp
ac

es
 to

 h
el

p 
w

ith
 g

as
 e

xc
ha

ng
e

G
ua

rd
 c

el
ls

Th
e 

tw
o 

ce
lls

 w
hi

ch
 c

an
 o

pe
n 

an
d 

cl
os

e 
st

om
at

a
St

om
at

a
Sm

al
l h

ol
es

 in
 th

e 
le

af
 s

ur
fa

ce
 w

hi
ch

 a
llo

w
 g

as
es

 in
 a

nd
 o

ut
Xy

le
m

C
el

ls
 w

hi
ch

 fo
rm

 tu
be

s 
to

 tr
an

sp
or

t w
at

er
Ph

lo
em

C
el

ls
 w

hi
ch

 fo
rm

 tu
be

s 
to

 tr
an

sp
or

t s
uc

ro
se

 (a
 ty

pe
 o

f s
ug

ar
)

Tr
an

sl
oc

at
io

n
Th

e 
m

ov
em

en
t o

f s
ug

ar
s 

th
ou

gh
 th

e 
ph

lo
em

Bo
x 

3

Bo
x 

5

Tr
an

sp
ira

tio
n:

 th
e 

m
ov

em
en

t o
f w

at
er

 tr
ou

gh
 a

 p
la

nt
 

fo
rm

 th
e 

ro
ot

s 
to

 th
e 

le
av

es
.

Fa
ct

or
s 

w
hi

ch
 s

ig
ni

fic
an

tly
 a

ffe
ct

 tr
an

sp
ira

tio
n 

ar
e:

Te
m

pe
ra

tu
re

, w
in

d,
 h

um
id

ity
 a

nd
 li

gh
t i

nt
en

si
ty

.
Tr

an
sp

ira
tio

n 
is

 g
re

at
er

 in
 h

ot
, d

ry
, w

in
dy

 a
nd

 b
rig

ht
 c

on
di

tio
ns

.
A 

po
to

m
et

er
 (i

m
ag

e 
to

 th
e 

rig
ht

) c
an

 b
e 

us
ed

 to
 m

ea
su

re
 tr

an
sp

ira
tio

n.
 

Bo
x 

2

In
sp

ira
tio

n 
(b

re
at

hi
ng

 in
)

Th
e 

di
ap

hr
ag

m
 c

on
tra

ct
s 

an
d 

m
ov

es
do

w
nw

ar
ds

. 
Th

e 
in

te
rc

os
ta

l m
us

cl
es

 c
on

tra
ct

an
d 

m
ov

e 
th

e 
rib

ca
ge

 u
pw

ar
ds

 a
nd

 o
ut

w
ar

ds
.T

hi
s 

in
cr

ea
se

s 
th

e 
vo

lu
m

e 
of

 th
e 

ch
es

t a
nd

de
cr

ea
se

s 
th

e 
ai

r 
pr

es
su

re
 in

si
de

. A
ir 

is
 fo

rc
ed

in
to

 th
e 

lu
ng

s 
fro

m
 

hi
gh

 a
tm

os
ph

er
ic

 p
re

ss
ur

e
ou

ts
id

e 
th

e 
bo

dy
 to

 th
e 

lo
w

er
 p

re
ss

ur
e 

in
 th

e
lu

ng
s.

Ex
pi

ra
tio

n 
(b

re
at

hi
ng

 o
ut

)
Th

e 
di

ap
hr

ag
m

 re
la

xe
s 

an
d 

m
ov

es
 b

ac
k 

to
 

its
do

m
ed

 s
ha

pe
. T

he
 in

te
rc

os
ta

l m
us

cl
es

 re
la

x 
so

th
e 

rib
ca

ge
 m

ov
e 

in
w

ar
ds

 a
nd

 d
ow

nw
ar

ds
. 

Th
is

de
cr

ea
se

s 
th

e 
vo

lu
m

e 
of

 th
e 

ch
es

t 
an

d
in

cr
ea

se
s 

th
e 

ai
r p

re
ss

ur
e 

in
 th

e
ch

es
ts

o 
ai

r 
is

fo
rc

ed
 o

ut
 o

f t
he

 lu
ng

s.

6

Bi
ol
og

y 
B4

 P
ar
t B

 o
rg
an

is
in
g 
an

im
al
s 
an

d 
pl
an

ts

86



Bo
x 

3
B1

9 
M

AT
HS

 S
KI

LL
S 

SU
M

M
AR

Y

Bo
x 

1

Bo
x 

2

Bo
x 

4

Bo
x 

5

M
ag

ni
fic

at
io

n

%
 c

ha
ng

e

M
od

e,
 m

ed
ia

, m
ea

n 
an

d 
ra

ng
e

Ti
m

e

Su
rfa

ce
 a

re
a,

 v
ol

um
e 

an
d 

ra
tio

1.
M

ag
ni

fic
at

io
n 

= 
im

ag
e 

siz
e 

÷ 
ac

tu
al

 s
iz

e.
2.

A
ct

ua
l s

iz
e 

= 
im

ag
e 

siz
e 

÷ 
m

ag
ni

fic
at

io
n.

3.
Im

ag
e 

siz
e 

= 
ac

tu
al

 s
iz

e 
x 

m
ag

ni
fic

at
io

n.

Le
ng

th
 in

 
m

m
Le

ng
th

 in
 

ɥm

1
10

00

0.
1

10
0

0.
01

10

0.
00

1
1

Ru
le

s:
•

Al
w

ay
s 

m
ea

su
re

 
in

 m
m

. 
•

M
ul

tip
ly

 y
ou

r m
m

 
m

ea
su

re
m

en
t b

y 
10

00
 to

 c
on

ve
rt 

m
m

 in
to

 μ
m

Pe
rc

en
ta

ge
 c

ha
ng

e 
is

 c
al

cu
la

te
d 

by
 d

iv
id

in
g 

th
e 

di
ffe

re
nc

e 
be

tw
ee

n 
th

e 
tw

o 
am

ou
nt

s 
by

 th
e 

or
ig

in
al

 a
m

ou
nt

.

Th
e 

or
ig

in
al

 m
as

s 
= 

11
g,

 th
e 

ne
w

 
m

as
s 

is
 1

3g
. 

W
ha

t i
s 

th
e 

%
 c

ha
ng

e?

C
ha

ng
e:

 1
3-

11
 =

 2
O

rig
in

al
: 1

1

)

M
ed

ia
n:

 th
e 

m
id

dl
e 

va
lu

e.
 T

o 
fin

d 
th

e 
m

ed
ia

n,
 o

rd
er

 th
e 

nu
m

be
rs

 a
nd

 s
ee

 w
hi

ch
 o

ne
 is

 in
 th

e 
m

id
dl

e 
of

 th
e 

lis
t. 

E.
g.

 3
, 3

, 6
, 1

3,
 1

00
 =

 6
. T

he
 m

ed
ia

n 
is

 6
. f

 th
er

e 
ar

e 
tw

o 
m

id
dl

e 
va

lu
es

 th
e 

m
ed

ia
n 

is
 h

al
fw

ay
 

be
tw

ee
n 

th
em

. T
hi

s 
m

ig
ht

 n
ot

 b
e 

a 
w

ho
le

 n
um

be
r.

M
od

e:
 th

e 
nu

m
be

r t
ha

t a
pp

ea
rs

 th
e 

m
os

t. 
To

 fi
nd

 th
e 

m
od

e,
 o

rd
er

 th
e 

nu
m

be
rs

 lo
w

es
t t

o 
hi

gh
es

t 
an

d 
se

e 
w

hi
ch

 n
um

be
r a

pp
ea

rs
 th

e 
m

os
t o

fte
n.

 
E.

g.
 3

, 3
, 6

, 1
3,

 1
00

 =
 3

. T
he

 m
od

e 
is

 3
.

M
ea

n:
 th

e 
to

ta
l o

f t
he

 n
um

be
rs

 d
iv

id
ed

 b
y 

ho
w

 m
an

y 
nu

m
be

rs
 th

er
e 

ar
e.

 T
o 

fin
d 

th
e 

m
ea

n,
 a

dd
 

al
l t

he
 n

um
be

rs
 to

ge
th

er
 th

en
 d

iv
id

e 
by

 th
e 

nu
m

be
r o

f n
um

be
rs

. 
E.

g.
 6

 +
 3

 +
 1

00
 +

 3
 +

 1
3 

= 
12

5 
÷ 

5 
= 

25
Th

e 
m

ea
n 

is
 2

5.
 T

he
 m

ea
n 

is
 n

ot
 a

lw
ay

s 
a 

w
ho

le
 n

um
be

r.
R

an
ge

 is
 th

e 
di

ffe
re

nc
e 

be
tw

ee
n 

th
e 

sm
al

le
st

 a
nd

 th
e 

bi
gg

es
t n

um
be

r.
To

 fi
nd

 th
e 

ra
ng

e,
 s

ta
te

 th
e 

sm
al

le
st

 to
 th

e 
bi

gg
es

t n
um

be
r. 

Su
bt

ra
ct

 th
e 

sm
al

le
st

  n
um

be
r f

ro
m

 
th

e 
bi

gg
es

t n
um

be
r.

E.
g.

 7
, 1

3,
 3

, 5
6,

 1
00

, 9
7

E.
g.

 3
 -1

00
. T

he
 ra

ng
e 

is
 9

7.

60
 s

ec
on

ds
 =

 1
 m

in
ut

e
60

 m
in

ut
es

 =
 1

 h
ou

r
24

 h
ou

rs
 =

 1
 d

ay
7 

da
ys

 =
 1

 w
ee

k

7.
25

 h
ou

rs
 is

 n
ot

 7
 h

ou
rs

 a
nd

 2
5 

m
in

ut
es

. 
0.

25
 o

f a
n 

ho
ur

 is
 o

ne
 q

ua
rte

r o
f a

n 
ho

ur
 o

r o
ne

 q
ua

rte
r o

f 6
0 

m
in

ut
es

, 
¼

 x
 6

0 
= 

15
 m

in
ut

es
So

 7
 h

ou
rs

 1
5 

m
in

ut
es

 is
 th

e 
sa

m
e 

as
 7

.2
5 

ho
ur

s
0.

5 
of

 a
n 

ho
ur

 is
 3

0 
m

in
ut

es
0.

1 
of

 a
n 

ho
ur

 is
 6

 m
in

ut
es

Su
rfa

ce
 A

re
a 

(S
A)

: C
al

cu
la

te
 th

e 
su

rfa
ce

 a
re

a 
of

 
on

e 
si

de
 (m

ul
tip

ly
 th

e 
le

ng
th

 a
nd

 h
ei

gh
t t

og
et

he
r)

. 
M

ul
tip

ly
 th

is
 b

y 
6 

as
 th

e 
cu

be
 h

as
 6

 s
id

es
. I

f i
n 

cm
, 

th
e 

un
its

 fo
r a

re
a 

w
ou

ld
 b

e 
cm

2

Vo
lu

m
e 

(V
): 

C
al

cu
la

te
 b

y 
m

ul
tip

ly
in

g 
th

e 
le

ng
th

, 
he

ig
ht

 a
nd

 w
id

th
 to

ge
th

er
. I

f i
n 

cm
, t

he
 u

ni
ts

 fo
r 

vo
lu

m
e 

w
ou

ld
 b

e 
cm

3

Ra
tio

: C
om

pa
re

 th
e 

tw
o 

va
lu

es
. W

rit
e 

as
 S

A:
V

 e
.g

. 
fo

r t
he

 3
cm

 c
ub

e,
 S

A=
54

, V
= 

27
,

 S
A:

V 
= 

54
:2

7 
or

 S
A:

V=
 2

:1

7

B1
9 
M
at
hs

 S
ki
lls
 s
um

m
ar
y

87



Bo
x 

2

RE
QU

IR
ED

 P
RA

CT
IC

AL
 S

HE
ET

 1
Bo

x 
1

Bo
x 

4 

•
C

ol
le

ct
 t

he
 e

qu
ip

m
en

t 
– 

on
io

n,
 

fo
rc

ep
s,

 m
ic

ro
sc

op
e,

 
m

ic
ro

sc
op

e 
sli

de
, c

ov
er

sli
p,

 
io

di
ne

 a
nd

 g
og

gl
es

.
•

Pl
ug

 t
he

 m
ic

ro
sc

op
e 

in
 a

nd
 

tu
rn

 it
 o

n.
 

•
Pe

el
 t

he
 o

ni
on

 to
 g

et
 a

 la
ye

r 
on

e 
ce

ll 
th

ic
k.

 
•

Pl
ac

e 
th

e 
on

io
n 

pe
el

 o
nt

o 
a 

m
ic

ro
sc

op
e 

sli
de

 a
nd

 a
dd

 o
ne

 
dr

op
 o

f i
od

in
e.

 
•

Pl
ac

e 
a 

co
ve

rs
lip

 o
ve

r 
th

e 
on

io
n 

pe
el

.
•

Pl
ac

e 
th

e 
sli

de
 u

nd
er

 th
e 

ob
je

ct
iv

e 
le

ns
 o

f t
he

 
m

ic
ro

sc
op

e 
an

d 
us

in
g 

th
e 

lo
w

es
t p

ow
er

ed
 le

ns
 fi

rs
t, 

fo
cu

s 
th

e 
im

ag
e.

•
M

ov
e 

th
e 

ob
je

ct
iv

e 
le

ns
 to

 a
 

hi
gh

er
 m

ag
ni

fic
at

io
n 

to
 o

bs
er

ve
 

th
e 

on
io

n 
ce

lls
.R
eq

ui
re

d 
Pr

ac
tic

al
 –

 
O

bs
er

vi
ng

 C
el

ls
 

R
eq

ui
re

d 
Pr

ac
tic

al
 –

 O
sm

os
is

Is
ot

on
ic

 p
oi

nt
 –

 w
he

re
 th

e 
co

nc
en

tra
tio

n 
is

 th
e 

sa
m

e 
as

 
th

e 
so

lu
tio

n.

•
La

be
l 6

 b
oi

lin
g 

tu
be

s, 
0M

, 0
.2

M
, 0

.4
M

, 0
.6

M
, 0

.8
M

, 1
.0

M
 a

nd
 

yo
ur

 g
ro

up
s 

in
iti

al
s

•
Re

co
rd

 th
e 

in
iti

al
 m

as
s 

of
 6

, 4
cm

 p
ie

ce
s 

of
 p

ot
at

o 
an

d 
pl

ac
e 

on
e 

pi
ec

e 
in

to
 e

ac
h 

la
be

lle
d 

tu
be

 –
 m

ak
e 

su
re

 y
ou

 k
no

w
 

w
hi

ch
 p

ie
ce

 is
 in

 w
hi

ch
 tu

be
.

•
A

dd
 1

0m
l o

f d
ist

ill
ed

 w
at

er
 in

to
 th

e 
0M

 la
be

lle
d 

te
st

 tu
be

.
•

Re
pe

at
 s

te
p 

3 
fo

r 
th

e 
ot

he
r 

5 
so

lu
tio

ns
.

•
Le

av
e 

th
e 

ex
pe

rim
en

t f
or

 2
0 

m
in

ut
es

•
Re

m
ov

e 
ea

ch
 p

ie
ce

 o
f p

ot
at

o 
an

d 
re

co
rd

 th
e 

fin
al

 m
as

s
•

C
al

cu
la

te
 th

e 
ch

an
ge

 in
 m

as
s 

of
 t

he
 p

ot
at

o 
pi

ec
es

.
•

C
al

cu
la

te
 t

he
 %

 c
ha

ng
e 

in
 m

as
s.

•
Pl

ot
 y

ou
r 

gr
ap

h 
as

 a
 li

ne
 g

ra
ph

In
de

pe
nd

en
t v

ar
ia

bl
e 

– 
C

on
ce

nt
ra

tio
n 

of
 s

uc
ro

se
/s

al
t 

D
ep

en
de

nt
 v

ar
ia

bl
e 

– 
M

as
s 

of
 th

e 
po

ta
to

 o
r a

ny
 fo

od
 s

ub
st

an
ce

R
eq

ui
re

d 
Pr

ac
tic

al
 –

 F
oo

d 
Te

st
s 

R
eq

ui
re

d 
Pr

ac
tic

al
 –

 T
he

 E
ffe

ct
 o

f p
H

 o
n 

Am
yl

as
e 

A
ct

iv
ity

  
1.

Pl
ac

e 
on

e 
dr

op
 o

f i
od

in
e 

so
lu

tio
n 

in
to

 e
ac

h 
de

pr
es

sio
n 

on
 th

e 
sp

ot
tin

g 
til

e.
2.

Pl
ac

e 
la

be
lle

d 
te

st
 tu

be
s 

co
nt

ain
in

g 
th

e 
bu

ffe
re

d 
pH

 s
ol

ut
io

ns
, a

m
yla

se
 s

ol
ut

io
n 

an
d 

st
ar

ch
 

so
lu

tio
ns

 in
 to

 th
e 

w
at

er
 b

at
h.

 A
llo

w
 th

e 
so

lu
tio

ns
 to

 r
ea

ch
 3

0 
°C

. A
dd

 2
cm

3  o
f s

ta
rc

h 
so

lu
tio

n,
 p

H
 b

uf
fe

r 
an

d 
am

yl
as

e 
(a

dd
 la

st
) t

o 
a 

te
st

 tu
be

. S
ta

rt
 th

e 
st

op
w

at
ch

 a
s 

so
on

 a
s t

he
 

am
yla

se
 is

 a
dd

ed
.

3.
A

fte
r 

30
 s

ec
on

ds
, r

em
ov

e 
on

e 
dr

op
 o

f t
he

 m
ix

tu
re

 a
nd

 p
la

ce
 th

is 
dr

op
 o

n 
th

e 
fir

st
 

de
pr

es
sio

n 
of

 t
he

 s
po

tt
in

g 
til

e 
w

ith
 th

e 
io

di
ne

 s
ol

ut
io

n.
 T

he
 io

di
ne

 so
lu

tio
n 

sh
ou

ld
 tu

rn
 b

lu
e-

bl
ac

k.
 R

ep
ea

t t
hi

s e
ve

ry
 3

0 
se

co
nd

s, 
ad

di
ng

 a
 d

ro
p 

in
to

 th
e 

ne
xt

 d
ep

re
ss

io
n 

of
 th

e 
sp

ot
tin

g 
til

e 
un

til
 th

e 
io

di
ne

 so
lu

tio
n 

re
m

ain
s o

ra
ng

e.

In
de

pe
nd

en
t v

ar
ia

bl
e 

– 
pH

D
ep

en
de

nt
 v

ar
ia

bl
e 

– 
tim

e 
ta

ke
n 

fo
r a

m
yl

as
e 

to
 b

re
ak

 
do

w
n 

st
ar

ch
.

Tu
rn

s 
w

hi
te

/
m

ilk
y 

w
ith

 
lip

id

8

Bo
x 

3

R
EQ

U
IR
ED

 p
ra
ct
ic
al
 s
he

et
 1

88



2.
M

ix
tu

re
s;

A
re

 e
le

m
en

ts
 n

ot
 c

he
m

ic
al

ly
 c

om
bi

ne
d 

an
d 

ca
n 

be
 s

ep
ar

at
ed

 b
y 

th
e 

fo
llo

w
in

g 
m

et
ho

ds

Fi
ltr

at
io

n;
S

ep
ar

at
in

g 
so

lu
bl

e 
an

d 
in

so
lu

bl
e 

su
bs

ta
nc

es

C
ry

st
al

lis
at

io
n;

R
em

ov
in

g 
a 

liq
ui

d 
le

av
in

g 
a 

so
lid

 
be

hi
nd

C
hr

om
at

og
ra

ph
y

S
ep

ar
at

in
g 

so
lu

ti
on

s 
di

ss
ol

ve
d 

in
 t

he
 s

am
e 

so
lv

en
t

S
im

pl
e 

di
st

ill
at

io
n;

S
ep

ar
at

in
g 

a 
liq

ui
d 

fr
om

 it
s 

so
lv

en
t

Fr
ac

tio
na

l d
is

til
la

ti
on

;
S

ep
ar

at
in

g 
2 

di
ff

er
en

t 
liq

ui
ds

 b
as

ed
 o

n 
di

ff
er

en
t 

bo
ili

ng
 p

oi
nt

s

5.
El

ec
tr

on
ic

 c
on

fig
ur

at
io

ns
;

El
ec

tr
on

s 
fil

l t
he

 lo
w

es
t 

en
er

gy
 le

ve
ls

 f
irs

t
Th

is
 s

ta
rt

s 
fr

om
 t

he
 n

uc
le

us
, 

fo
llo

w
in

g 
a 

se
t 

pa
tt

er
n 

up
 t

o 
th

e 
fo

llo
w

in
g 

m
ax

im
um

1s
t  s

he
ll 

– 
2 

el
ec

tr
on

s
2n

d  
sh

el
l –

 8
 e

le
ct

ro
ns

3r
d  

sh
el

l –
 8

 e
le

ct
ro

ns
4t

h  
sh

el
l –

 2
 e

le
ct

ro
ns

1.
At

om
s,

 e
le

m
en

ts
 &

 c
om

po
un

ds
A

to
m

s;
Ev

er
yt

hi
ng

 is
 m

ad
e 

of
 a

to
m

s,
 it

 is
 t

he
 s

m
al

le
st

 p
ar

t 
of

an
 e

le
m

en
t.

El
em

en
ts

;
Th

er
e 

ar
e 

ab
ou

t 
10

0 
di

ff
er

en
t 

el
em

en
ts

  
ea

ch
 

w
it

h 
a 

sy
m

bo
l. 

El
em

en
ts

 c
on

ta
in

 o
nl

y 
on

e 
ty

pe
 

of
 a

to
m

C
om

po
un

ds
;

•
A

re
 fo

rm
ed

 b
y 

el
em

en
ts

 in
 c

he
m

ic
al

 r
ea

ct
io

ns
•

A
re

 2
 o

r 
m

or
e 

el
em

en
ts

 t
ha

t 
ar

e 
ch

em
ic

al
ly

 
co

m
bi

ne
d/

 b
on

de
d.

 

3.
D

ev
el

op
m

en
t 

of
 t

he
 m

od
el

 o
f t

he
 a

to
m

;
N

ew
 e

xp
er

im
en

ta
l e

vi
de

nc
e 

m
ay

 le
ad

 t
o 

th
e 

m
od

el
 b

ei
ng

 c
ha

ng
ed

 o
r 

re
pl

ac
ed

Ea
rl

y 
id

ea
s;

B
ef

or
e 

th
e 

di
sc

ov
er

y 
of

 t
he

 
el

ec
tr

on
 

at
om

s 
w

er
e 

tin
y 

sp
he

re
s,

 
th

ey
 

co
ul

dn
’t 

be
 

di
vi

de
d

Pl
um

 p
ud

di
ng

;
A

ft
er

 t
he

 
el

ec
tr

on
 w

as
 

di
sc

ov
er

ed
 t

he
 

at
om

 b
ec

am
e 

a 
ba

ll 
of

 
po

si
ti

ve
 

ch
ar

ge
 w

ith
 

ne
ga

ti
ve

 
el

ec
tr

on
s 

sc
at

te
re

d 
in

 it

A
lp

ha
 p

ar
tic

le
 

sc
at

te
ri

ng
;

S
ho

w
ed

 t
ha

t 
th

e 
m

as
 o

f a
n 

at
om

 
w

as
 c

on
ce

nt
ra

te
d 

in
 t

he
 c

en
tr

e,
 it

 
w

as
 c

ha
rg

ed
 t

oo

N
ie

ls
 B

oh
r;

A
da

pt
ed

 t
he

 
nu

cl
ea

r 
m

od
el

 
su

gg
es

tin
g 

el
ec

tr
on

s 
in

 
or

bi
ta

ls
 a

t 
se

t 
di

st
an

ce

Ja
m

es
 

C
ha

dw
ic

k;
Ev

id
en

ce
 t

o 
sh

ow
 t

he
 

ex
is

te
nc

e 
of

 
ne

ut
ro

ns
 in

 t
he

 
nu

cl
eu

s 

4.
At

om
s;

 A
n 

at
om

 h
as

 n
o 

ov
er

al
l c

ha
rg

e,
 t

he
 n

um
be

r 
of

 p
ro

to
ns

 =
 t

he
 n

um
be

r 
of

 e
le

ct
ro

ns

R
el

at
iv

e 
ch

ar
ge

s;
S

iz
e 

an
d 

m
as

s;
V

er
y 

sm
al

l, 
ra

di
us

 is
 

0.
1n

m
 (

1x
10

-1
0 m

)
M

as
s 

is
 m

ai
nl

y 
in

 t
he

 
nu

cl
eu

s

A
to

m
ic

 n
um

be
r;

Th
e 

pr
ot

on
 n

um
be

r,
 it

 
is

 d
iff

er
en

t 
fo

r 
ev

er
y 

el
em

en
t 

M
as

s 
N

um
be

r;
Th

e 
nu

m
be

r 
of

 
pr

ot
on

s 
&

 
ne

ut
ro

ns
 in

 t
he

 
nu

cl
eu

s

Is
ot

op
es

;
A

to
m

s 
th

at
 h

av
e 

th
e 

sa
m

e 
nu

m
be

r 
of

 
pr

ot
on

s 
(e

le
m

en
t)

, 
bu

t 
di

ff
er

en
t 

nu
m

be
rs

 o
f 

ne
ut

ro
ns

C
1

 A
TO

M
IC

 S
TR

U
C

TU
R

E

1

Ch
em

is
tr
y 
C1

 A
to
m
ic
 S
tr
uc

tu
re

89



5
. 

G
ro

u
p

 0
;

•
N

ob
le

 g
as

es
•

U
nr

ea
ct

iv
e/

 s
ta

bl
e 

– 
fu

ll 
ou

te
r 

sh
el

l o
f 

el
ec

tr
on

s
•

D
on

’t 
fo

rm
 m

ol
ec

ul
es

 e
as

ily
•

bo
ili

ng
 p

oi
nt

 in
cr

ea
se

s 
go

in
g 

do
w

n 
gr

ou
p

N
on

-m
et

al
s;

•
Fo

rm
 n

eg
at

iv
e 

io
ns

•
Fo

un
d 

on
 r

ig
ht

 
ha

nd
 s

id
e 

an
d 

to
p 

of
 t

ab
le

1
. 

D
ev

el
o

pm
en

t 
o

f 
th

e
 p

er
io

d
ic

 t
ab

le
;

A
s 

m
or

e 
el

em
en

ts
 w

er
e 

di
sc

ov
er

ed
 s

ci
en

tis
t 

tr
ie

d 
to

 c
la

ss
ify

 t
he

m
.

D
al

to
n 

-F
ir

st
 a

tt
em

pt
s 

to
 c

la
ss

ify
 e

le
m

en
ts

 w
er

e 
m

ad
e 

be
fo

re
 

su
ba

to
m

ic
 p

ar
tic

le
s 

w
er

e 
di

sc
ov

er
ed

B
as

ed
 o

n 
at

om
ic

 w
ei

gh
t

W
ro

ng
 g

ro
up

s 
us

ed
 

N
ew

la
nd

s 
as

su
m

ed
 a

ll 
el

em
en

ts
 h

ad
 b

ee
n 

fo
un

d 
an

d 
ar

ra
ng

ed
 t

he
m

 in
 “

oc
ta

ve
s”

 a
s 

ea
ch

 8
th
 e

le
m

en
t 

se
em

ed
 

si
m

ila
r 

– 
th

is
 w

as
 n

ot
 w

id
el

y 
ac

ce
pt

ed

M
en

de
le

ev
 -

 O
ve

rc
am

e 
th

e 
pr

ob
le

m
s 

of
 a

to
m

ic
 w

ei
gh

t.
  

H
e 

di
d 

th
is

 b
y;

•
Le

av
in

g 
ga

ps
•

C
ha

ng
in

g 
th

e 
or

de
r 

of
 t

he
 e

le
m

en
ts

•
Pr

ed
ic

te
d 

el
em

en
ts

 w
er

e 
di

sc
ov

er
ed

•
D

iff
er

en
ce

s 
w

er
e 

ac
co

un
te

d 
fo

r 
by

 is
ot

op
es

To
da

y;
El

em
en

ts
 w

ith
 s

im
ila

r 
pr

op
er

ti
es

 
ar

ra
ng

ed
 in

 g
ro

up
s

B
as

ed
 o

n 
pr

op
er

ti
es

A
ll 

ha
ve

 t
he

 s
am

e 
nu

m
be

r 
of

 
el

ec
tr

on
s 

in
 t

he
 o

ut
er

 s
he

ll

2.
 M

et
al

s;
•

M
aj

or
it

y 
of

 e
le

m
en

ts
 a

re
 

m
et

al
s

•
Fo

rm
 p

os
it

iv
e 

io
ns

•
Fo

un
d 

on
 le

ft
 h

an
d 

si
de

, 
m

id
dl

e 
an

d 
bo

tt
om

 o
f 

ta
bl

e

6
. 

Tr
an

si
ti

o
n 

el
em

en
ts

 (
C

h
em

 o
n

ly
)

•
C

om
pa

re
d 

to
 a

lk
al

i m
et

al
s 

TM
’s

 a
re

:-
•

S
tr

on
g,

 h
ar

d 
m

et
al

s
•

N
ot

 v
er

y 
re

ac
tiv

e
•

Th
ei

r 
io

ns
 c

an
 h

av
e 

di
ff

er
en

t 
ch

ar
ge

s
•

Fo
rm

 c
ol

ou
re

d 
co

m
po

un
ds

•
U

se
d 

as
 c

at
al

ys
ts

3
. 

G
ro

u
p

 1
;

•
A

lk
al

i m
et

al
s 

– 
so

ft
 a

nd
 r

ea
ct

iv
e 

m
et

al
s.

•
1 

ou
te

r 
el

ec
tr

on
•

R
ea

ct
iv

it
y 

in
cr

ea
se

s 
go

in
g 

do
w

n 
th

e 
gr

ou
p 

du
e 

to
 

ou
te

r 
el

ec
tr

on
 b

ei
ng

 e
as

ie
r 

to
 r

em
ov

e 
th

e 
m

or
e 

sh
el

ls
 t

he
re

 a
re

.
•

A
lk

al
i M

et
al

 +
 w

at
er

 -
->

 M
et

al
 h

yd
ro

xi
de

 +
 h

yd
ro

ge
n

4
. 

G
ro

u
p

 7
;

•
H

al
og

en
s 

•
7 

ou
te

r 
el

ec
tr

on
s

•
N

on
-m

et
al

s
•

M
ol

ec
ul

es
 m

ad
e 

of
 p

ai
rs

 o
f 

at
om

s 
jo

in
ed

 
by

 c
ov

al
en

t 
bo

nd
s.

 E
g/

 F
2

•
R

ea
ct

iv
it

y 
in

cr
ea

se
s 

go
in

g 
u

p 
th

e 
gr

ou
p 

as
 e

as
ie

r 
to

 a
tt

ra
ct

 e
le

ct
ro

ns
 a

s 
fe

w
er

 
sh

el
ls

C
2

 P
er

io
d

ic
 T

ab
le

Ch
em

is
tr
y 
C2

 P
er
io
di
c 
Ta

bl
e

90



C3
: S

tru
ct

ur
e 

an
d 

Bo
nd

in
g

1.
 Io

ni
c b

on
ds

2.
 C

ov
al

en
t b

on
ds

3.
 M

et
al

lic
 b

on
ds

Ch
em

ica
l b

on
di

ng
 in

vo
lv

es
 e

ith
er

 tr
an

sfe
rr

in
g 

or
 sh

ar
in

g 
el

ec
tr

on
s i

n 
th

e 
hi

gh
es

t o
cc

up
ie

d 
en

er
gy

 le
ve

l (
sh

el
ls

) o
f a

to
m

s i
n 

or
de

r t
o 

ac
hi

ev
e 

th
e 

el
ec

tr
on

ic
 

st
ru

ct
ur

e 
of

 a
 n

ob
le

 g
as

. P
N

N
P

P
N

N

xx
x

At
om

s c
an

 b
e 

re
pr

es
en

te
d 

as
 sh

ow
n 

in
 th

is 
ex

am
pl

e;
   

   
   

   
   

   
  M

as
s N

um
be

r  
   

 7
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  L
i

   
   

   
   

   
   

  A
to

m
ic

 N
um

be
r  

 3
  

Na
m

e 
of

 
pa

rt
icl

e
M

as
s

Ch
ar

ge

Pr
ot

on
1

+1

N
eu

tr
on

1
0

El
ec

tr
on

Ve
ry

 sm
al

l
-1

At
om

s o
f t

he
 sa

m
e 

el
em

en
t c

an
 h

av
e 

di
ffe

re
nt

 n
um

be
rs

 o
f n

eu
tr

on
s

At
om

s h
av

e 
an

 o
ve

ra
ll 

ch
ar

ge
 o

f 0
 b

ec
au

se
 th

e 
nu

m
be

r o
f e

le
ct

ro
ns

 is
 e

qu
al

 
to

 th
e 

nu
m

be
r o

f p
ro

to
ns

.

•W
he

n 
at

om
s f

or
m

 c
he

m
ic

al
 b

on
ds

 b
y 

tr
an

sf
er

rin
g 

el
ec

tr
on

s, 
th

ey
 fo

rm
 io

ns
.  

•A
to

m
s t

ha
t l

os
e 

el
ec

tr
on

s b
ec

om
e 

po
sit

iv
el

y 
ch

ar
ge

d 
io

ns
 (+

) b
ec

au
se

 th
e 

to
ta

l n
um

be
r o

f p
os

iti
ve

ly
 c

ha
rg

ed
 p

ro
to

ns
 o

ut
nu

m
be

r t
he

 n
um

be
r o

f 
ne

ga
tiv

el
y 

ch
ar

ge
d 

el
ec

tr
on

s. 
 

•A
to

m
s t

ha
t g

ai
n 

el
ec

tr
on

s b
ec

om
e 

ne
ga

tiv
el

y 
ch

ar
ge

d 
io

ns
 (-

) b
ec

au
se

 th
e 

to
ta

l n
um

be
r o

f n
eg

at
iv

el
y 

ch
ar

ge
d 

el
ec

tr
on

s o
ut

nu
m

be
r t

he
 n

um
be

r o
f 

po
si

tiv
el

y 
ch

ar
ge

d 
pr

ot
on

s.
•Io

ns
 h

av
e 

th
e 

el
ec

tr
on

 st
ru

ct
ur

e 
of

 a
 n

ob
le

 g
as

 in
 g

ro
up

 0
  (

ta
ke

 ca
re

 a
s t

he
y 

do
 n

ot
 ‘b

ec
om

e’
 a

 n
ob

le
 g

as
 a

s t
he

 p
ro

to
n 

nu
m

be
r r

em
ai

ns
 u

nc
ha

ng
ed

).
•E

le
m

en
ts

 in
 g

ro
up

 1
 a

re
 c

al
le

d 
al

ka
li 

m
et

al
s a

nd
 th

ey
 a

ll 
fo

rm
 io

ns
 w

ith
 a

 
ch

ar
ge

 o
f +

1.
  T

he
y 

al
l r

ea
ct

 w
ith

 n
on

-m
et

al
s t

o 
fo

rm
 io

ni
c 

co
m

po
un

ds
.

•E
le

m
en

ts
 in

 g
ro

up
 7

 a
re

 c
al

le
d 

th
e 

ha
lo

ge
ns

 a
nd

 th
ey

 a
ll 

fo
rm

 io
ns

 w
ith

 a
 

ch
ar

ge
 o

f -
1.

  T
he

y 
al

l r
ea

ct
 w

ith
 th

e 
al

ka
li 

m
et

al
s t

o 
fo

rm
 io

ni
c 

co
m

po
un

ds
.

An
 e

xa
m

pl
e 

is 
so

di
um

 ch
lo

rid
e

So
di

um
 lo

se
s a

n 
el

ec
tr

on
 to

 fo
rm

 N
a+

Ch
lo

rin
e 

ga
in

s a
n 

el
ec

tr
on

 to
 fo

rm
 C

l-
Th

e 
na

m
e 

of
 th

e 
io

ni
c c

om
po

un
d 

is 
So

di
um

 ch
lo

rid
e 

an
d 

th
e 

fo
rm

ul
a 

is 
N

aC
l

-

X

XX

X
X

X

X
X

X

X

X

X
X

X X X X

X X
X

X
X

X

X

XX
X

+
X

•W
he

n 
at

om
s s

ha
re

 p
ai

rs
 o

f e
le

ct
ro

ns
, t

he
y 

fo
rm

 co
va

le
nt

 b
on

ds
.  

Th
es

e 
bo

nd
s b

et
w

ee
n 

at
om

s a
re

 st
ro

ng
.

•S
om

e 
co

va
le

nt
ly

 b
on

de
d 

su
bs

ta
nc

es
 co

ns
ist

 o
f s

im
pl

e 
m

ol
ec

ul
es

 su
ch

 a
s 

H 2
 (h

yd
ro

ge
n)

, C
l 2 

(c
hl

or
in

e)
, O

2 (
ox

yg
en

), 
HC

l (
hy

dr
oc

hl
or

ic
 a

cid
), 

H 2
O

 
(w

at
er

), 
NH

3 (
am

m
on

ia
) a

nd
 C

H
4 (

m
et

ha
ne

).
•O

th
er

s h
av

e 
gi

an
t c

ov
al

en
t s

tr
uc

tu
re

s (
m

ac
ro

m
ol

ec
ul

es
) s

uc
h 

as
 d

ia
m

on
d 

an
d 

sil
ico

n 
di

ox
id

e.
•C

om
po

un
ds

 w
ith

 co
va

le
nt

 b
on

ds
 ca

n 
be

 re
pr

es
en

te
d 

in
 3

 w
ay

s i
n 

or
de

r t
o 

sh
ow

 th
e 

sh
ar

ed
 p

ai
r o

f e
le

ct
ro

ns
.

Fo
r e

xa
m

pl
e 

am
m

on
ia

 (N
H 3

)

N
H

H

H
X

X

X

X
X

O

O

O
H

H

HN
X O

X O
X 

 OX 
 X

H
H

HN

M
et

al
s, 

su
ch

 a
s c

op
pe

r a
nd

 m
ag

ne
siu

m
, c

on
sis

t o
f g

ia
nt

 st
ru

ct
ur

es
 o

f a
to

m
s a

rr
an

ge
d 

in
 a

 re
gu

la
r p

at
te

rn
.

Th
e 

el
ec

tr
on

s i
n 

th
e 

hi
gh

es
t o

cc
up

ie
d 

en
er

gy
 le

ve
ls 

(o
ut

er
 sh

el
ls)

 o
f m

et
al

 a
to

m
s a

re
 d

el
oc

al
is

ed
 so

 a
re

 
fre

e 
to

 m
ov

e 
th

ro
ug

h 
th

e 
w

ho
le

 st
ru

ct
ur

e.
Th

is 
co

rr
es

po
nd

s t
o 

a 
st

ru
ct

ur
e 

of
 p

os
iti

ve
 io

ns
 w

ith
 e

le
ct

ro
ns

 b
et

w
ee

n 
th

e 
io

ns
 h

ol
di

ng
 th

em
 to

ge
th

er
 b

y 
st

ro
ng

 e
le

ct
ro

st
at

ic 
fo

rc
es

.

+
+

+
+

+
+

+
+

+
+

+

+
+

+

+
-

+-
+

-

+
-

+
-

+ -
+

-
+

-

Ch
em

is
tr
y 
C3

: S
tr
uc

tu
re
 a
nd

 B
on

di
ng

91



St
ru

ct
ur

e 
an

d 
Pr

op
er

tie
s

5.
 Io

ni
c s

tru
ct

ur
es

6.
 C

ov
al

en
t s

tru
ct

ur
es

7.
 M

et
al

lic
 b

on
ds

Su
bs

ta
nc

es
 th

at
 h

av
e 

sim
pl

e 
m

ol
ec

ul
ar

, g
ia

nt
 io

ni
c 

an
d 

gi
an

t c
ov

al
en

t s
tr

uc
tu

re
s h

av
e 

ve
ry

 d
iff

er
en

t p
ro

pe
rt

ie
s.

  I
on

ic,
 c

ov
al

en
t a

nd
 m

et
al

lic
 b

on
ds

 a
re

 st
ro

ng
 b

ut
 

th
e 

fo
rc

es
 b

et
w

ee
n 

m
ol

ec
ul

es
 a

re
 w

ea
ke

r, 
e.

g.
 in

 ca
rb

on
 d

io
xi

de
 a

nd
 io

di
ne

.

Th
es

e 
co

nt
ai

n 
sm

al
l m

ol
ec

ul
es

, w
ith

 co
va

le
nt

 b
on

ds
 b

et
w

ee
n 

th
e 

at
om

s.
Su

bs
ta

nc
es

 th
at

 co
ns

ist
 o

f s
im

pl
e 

m
ol

ec
ul

es
 a

re
 g

as
es

, l
iq

ui
ds

 a
nd

 so
lid

s t
ha

t h
av

e 
re

la
tiv

el
y l

ow
 m

el
tin

g a
nd

 b
oi

lin
g 

po
in

ts
.

Th
es

e 
su

bs
ta

nc
es

 h
av

e 
on

ly
 w

ea
k 

fo
rc

es
 b

et
w

ee
n 

th
e 

m
ol

ec
ul

es
 (i

nt
er

m
ol

ec
ul

ar
 fo

rc
es

). 
 It

 is
 th

es
e 

in
te

rm
ol

ec
ul

ar
 fo

rc
es

 th
at

 a
re

 o
ve

rc
om

e 
, n

ot
 th

e 
co

va
le

nt
 

bo
nd

s, 
w

he
n 

th
e 

su
bs

ta
nc

e 
m

el
ts

 o
r b

oi
ls

.
Su

bs
ta

nc
es

 th
at

 co
ns

ist
 o

f s
im

pl
e 

m
ol

ec
ul

es
 d

o 
no

t c
on

du
ct

 e
le

ct
ric

ity
 b

ec
au

se
 th

e 
m

ol
ec

ul
es

 d
o 

no
t h

av
e 

an
 o

ve
ra

ll 
el

ec
tr

ic
 ch

ar
ge

.
Ex

am
pl

es
 o

f s
im

pl
e 

m
ol

ec
ul

es
 a

re
 o

xy
ge

n,
 h

yd
ro

ge
n,

 h
yd

ro
ch

lo
ric

 a
ci

d,
 a

m
m

on
ia

, m
et

ha
ne

, c
ar

bo
n 

di
ox

id
e,

 w
at

er
 a

nd
 c

hl
or

in
e.

•Io
ni

c c
om

po
un

ds
 h

av
e 

re
gu

la
r s

tr
uc

tu
re

s (
gi

an
t i

on
ic

 la
tt

ic
es

) i
n 

w
hi

ch
 

th
er

e 
ar

e 
st

ro
ng

 e
le

ct
ro

st
at

ic 
fo

rc
es

 in
 a

ll 
di

re
ct

io
ns

 b
et

w
ee

n 
th

e 
op

po
sit

el
y 

ch
ar

ge
d 

io
ns

.
•T

he
se

 co
m

po
un

ds
 h

av
e 

hi
gh

 m
el

tin
g p

oi
nt

s a
nd

 h
ig

h 
bo

ili
ng

 p
oi

nt
s 

be
ca

us
e 

of
 th

e 
la

rg
e 

am
ou

nt
s o

f e
ne

rg
y 

ne
ed

ed
 to

 b
re

ak
 th

e 
m

an
y 

st
ro

ng
 b

on
ds

.
•W

he
n 

so
lid

 th
es

e 
st

ru
ct

ur
es

 d
o 

no
t c

on
du

ct
 e

le
ct

ric
ity

 b
ec

au
se

 th
e 

io
ns

 ca
nn

ot
 m

ov
e.

  H
ow

ev
er

 w
he

n 
th

es
e 

su
bs

ta
nc

es
 m

el
t o

r a
re

 
di

ss
ol

ve
d 

in
 w

at
er

 th
ey

 d
o 

co
nd

uc
t e

le
ct

ric
ity

 b
ec

au
se

 th
e 

io
ns

 a
re

 fr
ee

 
to

 m
ov

e.

•A
to

m
s t

ha
t s

ha
re

 e
le

ct
ro

ns
 ca

n 
al

so
 fo

rm
 g

ia
nt

 st
ru

ct
ur

es
 o

r 
m

ac
ro

m
ol

ec
ul

es
. D

ia
m

on
d 

an
d 

gr
ap

hi
te

 (f
or

m
s o

f c
ar

bo
n)

 a
nd

 si
lic

on
 d

io
xi

de
 

(s
ili

ca
) a

re
 e

xa
m

pl
es

 o
f g

ia
nt

 co
va

le
nt

 st
ru

ct
ur

es
 (l

at
tic

es
) o

f a
to

m
s.

•A
ll 

th
e 

at
om

s i
n 

th
es

e 
st

ru
ct

ur
es

 a
re

 li
nk

ed
 to

 o
th

er
 a

to
m

s b
y 

st
ro

ng
 co

va
le

nt
 

bo
nd

s a
nd

 so
 th

ey
 h

av
e 

ve
ry

 h
ig

h 
m

el
tin

g p
oi

nt
s.

•In
 d

ia
m

on
d 

ea
ch

 ca
rb

on
 a

to
m

 fo
rm

s f
ou

r c
ov

al
en

t b
on

ds
 w

ith
 th

e 
ot

he
r 

ca
rb

on
 a

to
m

s i
n 

a 
gi

an
t c

ov
al

en
t s

tr
uc

tu
re

 so
 d

ia
m

on
d 

is 
ve

ry
 h

ar
d.

Di
am

on
d 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
Gr

ap
hi

te

•In
 g

ra
ph

ite
, e

ac
h 

ca
rb

on
 a

to
m

 b
on

ds
 to

 th
re

e 
ot

he
rs

 fo
rm

in
g 

la
ye

rs
.  

Th
e 

la
ye

rs
 a

re
 fr

ee
 to

 sl
id

e 
ov

er
 e

ac
h 

ot
he

r b
ec

au
se

 th
er

e 
ar

e 
no

 co
va

le
nt

 b
on

ds
 

be
tw

ee
n 

th
e 

la
ye

rs
 a

nd
 so

 g
ra

ph
ite

 is
 so

ft 
an

d 
sli

pp
er

y.
•In

 g
ra

ph
ite

, o
ne

 e
le

ct
ro

n 
fr

om
 e

ac
h 

ca
rb

on
 a

to
m

 is
 d

el
oc

al
is

ed
.  

Th
es

e 
de

lo
ca

lis
ed

 e
le

ct
ro

ns
 a

llo
w

 g
ra

ph
ite

 to
 co

nd
uc

t h
ea

t a
nd

 e
le

ct
ric

ity
.

   

M
et

al
s c

on
du

ct
 h

ea
t a

nd
 e

le
ct

ric
ity

 b
ec

au
se

 o
f t

he
 d

el
oc

al
ise

d 
el

ec
tr

on
s i

n 
th

ei
r o

ut
er

 sh
el

ls
.

Th
e 

la
ye

rs
 o

f a
to

m
s i

n 
m

et
al

s a
re

 a
bl

e 
to

 sl
id

e 
ov

er
 e

ac
h 

ot
he

r a
nd

 so
 m

et
al

s c
an

 b
e 

be
nt

 a
nd

 sh
ap

ed
.

Al
lo

ys
 a

re
 u

su
al

ly
 m

ad
e 

fro
m

 tw
o 

or
 m

or
e 

di
ffe

re
nt

 m
et

al
s. 

 T
he

 d
iff

er
en

t s
ize

d 
at

om
s o

f t
he

 m
et

al
s d

ist
or

t t
he

 
la

ye
rs

 in
 th

e 
st

ru
ct

ur
e,

 m
ak

in
g 

it 
m

or
e 

di
ffi

cu
lt 

fo
r t

he
m

 to
 sl

id
e 

ov
er

 e
ac

h 
ot

he
r, 

an
d 

so
 m

ak
e 

al
lo

ys
 h

ar
de

r t
ha

n 
pu

re
 m

et
al

s.
Sh

ap
e 

m
em

or
y 

al
lo

ys
 ca

n 
re

tu
rn

 to
 th

ei
r o

rig
in

al
 sh

ap
e 

af
te

r b
ei

ng
 d

ef
or

m
ed

, e
.g

. N
iti

no
l u

se
d 

in
 d

en
ta

l b
ra

ce
s

+
+

+
+

+
+

+
+

+
+

+

+
+

+

+
-

+-
+

-

+
-

+
-

+ -
+

-
+

-

4.
 Si

m
pl

e 
Co

va
le

nt
 M

ol
ec

ul
es

+
- +

-
+ -

-
+

+

+
- +

-
+ -

-
+

+

+
- +

-
-

-
- +

+
+

- +
-

+ -
-

+
+

+
- +

-
-

-
- +

+
+

- +
-

+ -
-

+
+

+
- +

-
-

-
- +

+
+

- +
-

+ -
-

+
+

+
- +

-
+ -

-
+

+

+
- +

-
-

-
- +

+

Ch
em

is
tr
y 
C3

: S
tr
uc

tu
re
 a
nd

 P
ro
pe

rt
ie
s

92



2.
 R

ea
ct

io
ns

 o
f 

ac
id

s
1.

 D
is

pl
ac

em
en

t 
re

ac
tio

ns
 

an
d 

m
et

al
 e

xt
ra

ct
io

n

R
ea

ct
iv

it
y 

de
pe

nd
s 

on
 

te
nd

en
cy

 t
o 

fo
rm

 m
et

al
 io

n
H

T:
 O

IL
R

IG
e.

g.
 2

H
C

l +
 M

g 


 M
gC

l 2
 +

H
2 

M
ag

ne
si

um
 is

 O
X

ID
IS

E
D

M
g 


 M
g2

+
 +

2e
-

H
yd

ro
ge

n 
is

 R
ED

U
C

E
D

2H
+
 +

 2
e-


 H
2(

g)
Th

is
 m

ak
es

 it
 a

 R
ED

O
X

 
re

ac
tio

n,
 b

ec
au

se
 b

ot
h 

re
d

u
ct

io
n

 a
n

d
 o

xi
d

at
io

n
 a

re
 

ha
pp

en
in

g.

3.
 M

ak
in

g 
a 

sa
lt

A
ci

ds
 p

ro
d

u
ce

  
   

 H
+
 i

on
s 

A
lk

al
is

 p
ro

d
u

ce
  

 O
H

-  i
on

s

A
C

ID
 

   
   

   
  

   
  S

A
LT

 
H

yd
ro

ch
lo

ri
c 

A
ci

d 


 C
hl

or
id

es
 H

C
l 

  
  

  
  

  
  

 C
l-

N
it

ri
c 

Ac
id

 
 

 N
it

ra
te

s
 H

N
O

3
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 N

O
3

-

S
ul

ph
ur

ic
 A

ci
d

 
 S

ul
ph

at
es

 H
2
S

O
4

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
S

O
4

2
-

H
+

(a
q)

 +
 O

H
- (a

q)
 

 H
2O

(l
)

H
T:

 S
tr

o
n

g
 a

nd
 W

e
ak

 a
ci

d
s

2.
 A

dd
 b

as
e 

to
 e

xc
es

s

1.
 C

ho
os

e 
co

rr
ec

t 
ac

id
Eg

/ 
H

yd
ro

ch
lo

ri
c 

to
 m

ak
e 

a 
ch

lo
ri

de

3.
 I

f i
t’s

 a
n 

ox
id

e 
- 

w
ar

m

4.
 F

ilt
er

 o
ff 

ex
ce

ss
5.

 E
va

po
ra

te
 

of
f 

w
at

er

N
eu

tr
al

is
at

io
n 

Eq
ua

tio
n

S
tr

on
g 

ac
id

s 
– 

fu
lly

 io
ni

se
 (

sp
lit

 
ap

ar
t)

.
W

ea
k 

ac
id

s 
– 

do
 n

ot
 f

ul
ly

 io
ni

se
.

C
5

 C
he

m
ic

al
 

C
h

an
ge

s

M
et

al
s 

th
at

 a
re

 le
ss

 r
ea

ct
iv

e 
th

an
 

ca
rb

on
 c

an
 b

e 
di

sp
la

ce
d 

fr
om

 
th

ei
r 

ox
id

e 
by

 c
ar

bo
n.

Eg
/ 

Ir
on

  
 +

 c
ar

bo
n 


 I
ro

n 
+

 C
ar

bo
n

O
xi

de
 

  
   

  
  

   
  

  
D

io
xi

de
Th

is
 is

 c
al

le
d 

re
du

ct
io

n.

M
et

al
s 

re
ac

t 
w

it
h 

ox
yg

en
 t

o 
fo

rm
 m

et
al

 
ox

id
es

.

M
et

al
 +

 o
xy

ge
n 


 M
et

al
 

  
   

 O
xi

de

Th
is

 is
 c

al
le

d 
ox

id
at

io
n

Eg
/ 

Z
in

c 
+

 N
itr

ic
 

 Z
in

c 
  

+
 h

yd
ro

ge
n

  
   

  
  

   
  

  
ac

id
  

  
Ch

lo
ri

de

3.
 I

f i
t’s

 a
 

ca
rb

on
at

e 
or

 
m

et
al

 –
 w

ai
t 

fo
r 

th
e 

fiz
zi

ng
 

to
 s

to
p.

Th
er

e 
sh

ou
ld

 b
e 

so
m

e 
so

lid
 

le
ft

 a
t 

th
e 

bo
tt

om
 f

or
 b

ot
h.

4.
 p

H
 S

ca
le

 a
nd

 
ne

ut
ra

lis
at

io
n

pH
 is

 a
 m

ea
su

re
 o

f 
ho

w
 a

ci
d 

or
 

al
ka

lin
e 

a 
su

bs
ta

nc
e 

is
.

To
 m

ea
su

re
, 

ad
d 

3 
dr

op
s 

of
 

un
iv

er
sa

l i
nd

ic
at

or
 a

nd
 c

om
pa

re
 t

he
 

co
lo

ur
 t

o 
th

e 
ch

ar
t.

O
r 

yo
u 

ca
n 

us
e 

a 
pH

 p
ro

be

C
o

n
c.

 O
f 

H
+

p
H

0.
1

1.
0

0.
01

2.
0

0.
00

1
3.

0

x 1 0 0

+ 1

Ch
em

is
tr
y 
C5

: C
he

m
ic
al
 C
ha

ng
es

93



2.
 U

se
s

1.
Ex

ot
he

rm
ic 

vs
 

Ex
ot

he
rm

ic
4.

 B
on

d 
en

er
gy

 
Ca

lcu
la

tio
ns

 (H
T)

C7
 E

ne
rg

y 
Ch

an
ge

s

In
 so

m
e 

re
ac

tio
ns

 m
or

e 
en

er
gy

 
co

m
es

 O
UT

 th
an

 go
es

 in

Th
e 

re
ac

ta
nt

s h
av

e 
m

or
e 

en
er

gy
 

th
an

 th
e 

pr
od

uc
ts

.

e.
g.

 co
m

bu
st

io
n,

 o
xid

at
io

n,
 

ne
ut

ra
lis

at
io

n.

In
 so

m
e 

re
ac

tio
ns

 m
or

e 
en

er
gy

 
go

es
 IN

 th
an

 co
m

es
 o

ut
.

Th
e 

pr
od

uc
ts

 h
av

e 
m

or
e 

en
er

gy
 

th
an

 th
e 

re
ac

ta
nt

s.

e.
g.

 th
er

m
al

 d
ec

om
po

sit
io

n

Se
lf 

he
at

in
g 

ca
ns

, h
an

d 
w

ar
m

er
s

Ch
em

ica
ls 

re
ac

t i
n 

an
 

ex
ot

he
rm

ic 
re

ac
tio

n 
an

d 
gi

ve
 O

UT
 h

ea
t e

ne
rg

y s
o 

w
ar

m
s u

p 
th

e 
su

rro
un

di
ng

s

Co
ol

 p
ac

ks
 fo

r 
sp

or
ts

 in
ju

rie
s

Ch
em

ica
ls 

re
ac

t i
n 

an
 

En
do

th
er

m
ic 

re
ac

tio
n 

an
d 

ta
ke

 IN
 h

ea
t e

ne
rg

y 
– 

th
er

ef
or

e 
co

ol
in

g 
th

e 
su

rr
ou

nd
in

gs
.

3.
 R

ea
ct

io
n 

Pr
of

ile
s

Pr
od

uc
ts 

at
 LO

W
ER

 
en

er
gy

 
th

an
 

re
ac

ta
nt

s

Pr
od

uc
ts 

at
 

HI
GH

ER
 

en
er

gy
 

th
an

 
re

ac
ta

nt
s

M
or

e 
en

er
gy

 
co

m
es

 O
UT

 
m

ak
in

g 
bo

nd
s

M
or

e 
en

er
gy

 
go

es
 IN

 
br

ea
ki

ng
 

bo
nd

s

Ac
tiv

at
io

n 
En

er
gy

 is
 th

e 
m

in
im

um
 

en
er

gy
 n

ee
de

d 
to

 st
ar

t a
 re

ac
tio

n.

EX
O 

= 
en

er
gy

 
EX

its
 th

e 
ch

em
ica

ls

EN
DO

 =
 e

ne
rg

y 
go

es
 IN

TO
 th

e 
ch

em
ica

ls

Ch
em

is
tr
y 
C7

 E
ne

rg
y 
Ch

an
ge

s

94



Ph
ys
ic
s 
P1

 E
ne

rg
y 
an

d 
En

er
gy

 R
es
ou

rc
es

 1
 

B
O

X
 1

: 
En

er
g

y 
st

or
es

 a
n

d
 t

ra
n

sf
er

s 
S

to
re

s 
 

En
er

gy
 is

 m
ea

su
re

d 
in

 
jo

u
le

s,
 J

. 
Tr

an
sf

er
s 

H
ea

t,
 r

ad
ia

tio
n,

  
el

ec
tr

ic
al

, 
m

ec
ha

ni
ca

l 

B
O

X
 2

: 
C

on
se

rv
at

io
n

 o
f 

en
er

g
y 

En
er

gy
 c

an
’t 

be
 c

re
at

ed
 o

r 
de

st
ro

ye
d 

it 
is

 j
us

t 
tr

an
sf

er
re

d 
fr

om
 o

ne
 s

to
re

 t
o 

an
ot

he
r.

 F
ri

ct
io

n 
in

cr
ea

se
s 

en
er

gy
 lo

ss
 a

nd
 r

ed
uc

es
 t

he
 e

ff
ic

ie
nc

y.
  

Lu
br

ic
at

io
n 

an
d 

in
su

la
tio

n 
he

lp
 t

o 
in

cr
ea

se
 t

he
 e

ff
ic

ie
nc

y 
of

 e
ne

rg
y 

tr
an

sf
er

s 
by

 r
ed

uc
in

g 
en

er
gy

 lo
ss

 t
hr

ou
gh

 h
ea

tin
g 

(d
is

si
p

at
in

g
).

 

Te
rm

 
D

ef
in

it
io

n
 

Eq
u

at
io

n
 

C
he

m
ic

al
 e

ne
rg

y 
Th

e 
en

er
gy

 s
to

re
d 

in
 c

he
m

ic
al

 
bo

nd
s.

 
 

Ef
fic

ie
nc

y 
Th

e 
pr

op
or

tio
n 

of
 e

ne
rg

y 
th

at
 

is
 u

se
fu

lly
 t

ra
ns

fe
rr

ed
. 

U
se

fu
l e

ne
rg

y 
ou

t 
to

ta
l e

ne
rg

y 
in

 

El
as

tic
 p

ot
en

ti
al

 e
ne

rg
y,

 
Ee

 
Th

e 
en

er
gy

 s
to

re
d 

du
e 

to
 b

ei
ng

 
st

re
tc

he
d 

or
 c

om
pr

es
se

d.
 

 
E e

 =
 0

.5
 x

 k
 x

 e
2  

G
ra

vi
ta

tio
na

l f
ie

ld
 

st
re

ng
th

, 
g 

Th
e 

ar
ea

 a
ro

un
d 

a 
m

as
s 

w
hi

ch
 

ca
us

ed
 a

 n
on

-c
on

ta
ct

 f
or

ce
 

w
it
h 

ot
he

r 
m

as
se

s.
  

 
O

n 
Ea

rt
h,

 g
=

 9
.8

N
/

kg
 

 

G
ra

vi
ta

tio
na

l p
ot

en
ti
al

 
en

er
gy

, 
Ep

 
Th

e 
en

er
gy

 s
to

re
d 

du
e 

to
 a

n 
ob

je
ct

’s
 h

ei
gh

t 
in

 a
  

gr
av

it
at

io
na

l f
ie

ld
. 

 
E p

 =
 m

 x
 g

 x
 h

 

K
in

et
ic

 e
ne

rg
y,

 E
k 

Th
e 

en
er

gy
 s

to
re

d 
du

e 
to

 a
n 

ob
je

ct
s 

sp
ee

d.
 

  
  

 E
k 
=

  
0.

5 
x 

 m
 x

 v
2  

N
on

-r
en

ew
ab

le
 

S
to

re
s 

ar
e 

us
ed

 q
ui

ck
er

 t
ha

n 
ca

n 
be

 r
ep

le
ni

sh
ed

. 
 

Po
w

er
 

Th
e 

ra
te

 w
hi

ch
 e

ne
rg

y 
is

  
tr

an
sf

er
re

d 
fr

om
 o

ne
 s

to
re

 t
o 

 
an

ot
he

r 
by

 a
 d

ev
ic

e.
  

 
M

ea
su

re
d 

in
 w

at
ts

, 
W

. 

 
P 

=
 E

  
  
  
  

t 

R
en

ew
ab

le
 e

ne
rg

y 
S
to

re
s 

ar
e 

re
pl

en
is

he
d 

as
 

qu
ic

kl
y 

as
 t

he
y 

ar
e 

us
ed

. 
 

S
ti
ff
ne

ss
 c

on
st

an
t,

 k
 

Th
e 

pr
op

er
ty

 o
f 
a 

m
at

er
ia

l t
ha

t 
de

te
rm

in
es

 h
ow

 m
uc

h 
fo

rc
e 

is
 

ne
ed

ed
 t

o 
st

re
tc

h 
or

 c
om

pr
es

s 
it.

  
M

ea
su

re
d 

in
 N

/m
. 

 

Th
er

m
al

 c
on

du
ct

iv
it
y 

A
 m

ea
su

re
 o

f 
ho

w
 g

oo
d 

a 
m

a-
te

ri
al

 is
 a

t 
tr

an
sf

er
ri

ng
 t

he
rm

al
 

en
er

gy
 b

y 
co

nd
uc

ti
on

. 
  

In
su

la
to

rs
 h

av
e 

a 
lo

w
 v

al
ue

. 

 

Th
er

m
al

 e
ne

rg
y 

Th
e 

en
er

gy
 s

to
re

d 
du

e 
to

 a
n 

ob
je

ct
s 

te
m

pe
ra

tu
re

. 
 

W
or

k 
do

ne
 

Th
e 

en
er

gy
 t

ra
ns

fe
rr

ed
 b

y 
a 

fo
rc

e 
m

ov
in

g 
an

 o
bj

ec
t.

 
W

=
 F

 x
 s

 

B
ox

 3
: 

En
er

g
y 

re
so

u
rc

es
 

 
R

es
ou

rc
e 

A
d

va
n

ta
g

es
 

D
is

ad
va

n
ta

g
es

 
Fo

ss
il 

fu
el

s 
(c

oa
l, 

oi
l, 

R
el

ia
bl

e 
R
el

at
iv

el
y 

ch
ea

p 
Pr

od
uc

es
 C

O
2 

N
on

-r
en

ew
ab

le
 

N
uc

le
ar

 
N

o 
C
O

2 

H
ig

h 
en

er
gy

 d
en

si
ty

 
R
ad

io
ac

tiv
e 

w
as

te
 

C
at

as
tr

op
hi

c 
ac

ci
de

nt
s 

S
ol

ar
 

N
o 

C
O

2 

N
o 

fu
el

 c
os

ts
 

U
nr

el
ia

bl
e 

Ex
pe

ns
iv

e 

H
yd

ro
el

ec
tr

ic
  

Po
w

er
 (

H
EP

) 
N

o 
C
O

2 

Fa
st

 s
ta

rt
-u

p 
/r

el
ia

bl
e 

Fl
oo

de
d 

va
lle

ys
 

R
em

ot
e 

lo
ca

tio
ns

 

W
av

e 
N

o 
C
O

2 

N
o 

fu
el

 c
os

ts
 

Ex
pe

ns
iv

e 
V
is

ua
l p

ol
lu

tio
n 

Ti
da

l 
N

o 
C
O

2 

N
o 

fu
el

 c
os

ts
 

Ex
pe

ns
iv

e 
V
is

ua
l p

ol
lu

tio
n 

W
in

d 
N

o 
C
O

2 

N
o 

fu
el

 c
os

ts
 

U
nr

el
ia

bl
e 

V
is

ua
l p

ol
lu

tio
n 

G
eo

th
er

m
al

 
N

o 
C
O

2 

R
el

ia
bl

e 
R
ar

e 
su

it
ab

le
 lo

ca
tio

ns
 

B
io

fu
el

s 
R
el

ia
bl

e 
R
el

at
iv

el
y 

ch
ea

p 
Pr

od
uc

es
 lo

ts
 o

f 
C
O

2 

Lo
ts

 o
f 
sp

ac
e 

ne
ed

ed
 

Y
ea

r 
9

 P
1

 E
n

er
g

y 
an

d
 e

n
er

g
y 

re
so

u
rc

es
 

95



 2
 

Y
ea

r 
9

 P
2

 P
ar

ti
cl

e 
M

od
el

 o
f 

M
at

te
r 

B
ox

 1
: 

S
ta

te
s 

of
 m

at
te

r 

B
ox

 2
: 

G
as

 p
re

ss
u

re
 a

n
d

 t
em

p
er

at
u

re
 

G
as

 p
ar

ti
cl

es
 a

re
 m

ov
in

g 
ra

nd
om

ly
 a

nd
 f

re
el

y.
  
 

Th
ey

 h
av

e 
hi

gh
 k

in
et

ic
 e

ne
rg

y.
  

 
Th

e 
hi

gh
er

 t
he

 t
em

pe
ra

tu
re

 t
he

 m
or

e 
ki

ne
ti
c 

en
er

gy
 =

 f
as

te
r.

 
G

as
 p

ar
ti
cl

es
 c

ol
lid

e 
w

ith
 t

he
 w

al
ls

 o
f 
th

e 
co

nt
ai

ne
r 

cr
ea

ti
ng

 a
 

fo
rc

e.
  

In
cr

ea
si

ng
 t

he
 t

em
pe

ra
tu

re
 o

f 
a 

ga
s,

 in
cr

ea
se

s 
th

e 
pr

es
su

re
, 

 
(I

f 
th

e 
vo

lu
m

e 
is

 k
ep

t 
co

ns
ta

nt
) 

 Th
is

 is
 b

ec
au

se
 t

he
 p

ar
ti
cl

es
 w

ill
 c

ol
lid

e 
w

it
h 

th
e 

si
de

s 
of

 t
he

  
co

nt
ai

ne
r 

m
or

e 
fr

eq
ue

nt
ly

 a
nd

 w
ith

 g
re

at
er

 f
or

ce
. 

B
ox

 3
: 

G
as

 p
re

ss
u

re
 a

n
d

 v
ol

u
m

e 
(T

ri
p

le
 O

n
ly

) 

In
cr

ea
si

ng
 v

ol
um

e,
 d

ec
re

as
es

 p
re

ss
ur

e 
(a

t 
a 

co
ns

ta
nt

  
te

m
pe

ra
tu

re
) 

Th
is

 is
 b

ec
au

se
 t

he
 p

ar
ti
cl

es
 w

ill
 h

it 
th

e 
si

de
s 

le
ss

 f
re

qu
en

tl
y 

on
 a

 
la

rg
er

 s
ur

fa
ce

 a
re

a.
 

W
he

n 
a 

ga
s 

is
 p

um
pe

d 
it
s 

te
m

pe
ra

tu
re

 in
cr

ea
se

s 
be

ca
us

e 
w

or
k 

is
 

do
ne

 o
n 

th
e 

ga
s 

ca
us

in
g 

an
 in

cr
ea

se
 in

 in
te

rn
al

 e
ne

rg
y.

 

Te
rm

 
D

ef
in

it
io

n
 

Eq
u

at
io

n
 

B
oy

le
’s

 L
aw

 
Pr

es
su

re
 a

nd
 v

ol
um

e 
ar

e 
in

ve
rs

el
y 

pr
op

or
ti
on

al
. 

 

 

D
en

si
ty

 
A
 c

om
pa

ri
so

n 
of

 t
he

 m
as

s 
of

 t
he

  
m

at
er

ia
l t

o 
th

e 
vo

lu
m

e 
it
 o

cc
up

ie
s.

 
 

In
te

rn
al

  
en

er
gy

 
Th

e 
to

ta
l p

ot
en

ti
al

 a
nd

 k
in

et
ic

  
en

er
gi

es
 o

f 
al

l t
he

 p
ar

ti
cl

es
 in

 a
n 

ob
je

ct
. 

 

 

Pr
es

su
re

  
G

as
 p

re
ss

ur
e 

is
 c

au
se

d 
by

 t
he

  
pa

rt
ic

le
s 

co
lli

di
ng

 w
it
h 

th
e 

si
de

s 
of

 
th

ei
r 

co
nt

ai
ne

r.
  

 

S
pe

ci
fic

 h
ea

t 
ca

pa
ci

ty
 

Th
e 

en
er

gy
 r

eq
ui

re
d 

to
 r

ai
se

 t
he

  
te

m
pe

ra
tu

re
 o

f 
1k

g 
of

 a
 s

ub
st

an
ce

 
by

 1
o C

. 

 

S
pe

ci
fic

 la
te

nt
 

he
at

 o
f 

fu
si

on
 

Th
e 

en
er

gy
 r

eq
ui

re
d 

to
 c

ha
ng

e 
th

e 
st

at
e 

of
 1

kg
 o

f 
a 

su
bs

ta
nc

e 
fr

om
 a

 
so

lid
 t

o 
a 

liq
ui

d 
at

 a
 c

on
st

an
t 

 
te

m
pe

ra
tu

re
. 

 

S
pe

ci
fic

 la
te

nt
 

he
at

 o
f 

va
-

po
ri

sa
ti
on

 

Th
e 

en
er

gy
 r

eq
ui

re
d 

to
 c

ha
ng

e 
th

e 
st

at
e 

of
 1

kg
 o

f 
a 

su
bs

ta
nc

e 
fr

om
 a

 
liq

ui
d 

to
 a

 g
as

 a
t 

a 
co

ns
ta

nt
  

te
m

pe
ra

tu
re

. 

 

S
ub

lim
at

io
n 

Th
e 

ch
an

gi
ng

 o
f 
st

at
e 

di
re

ct
ly

 f
ro

m
 

a 
so

lid
 t

o 
a 

ga
s 

w
it
ho

ut
 f
or

m
in

g 
a 

liq
ui

d.
 

 

Te
rm

 
D

ef
in

iti
on

 
Eq

ua
tio

n 
D

en
si

ty
 

A 
co

m
pa

ris
on

 o
f t

he
 m

as
s 

of
 th

e 
m

at
er

ia
l t

o 
th

e 
vo

lu
m

e 
it 

oc
cu

pi
es

. 
 

 

In
te

rn
al

 E
ne

rg
y 

Th
e 

to
ta

l p
ot

en
tia

l a
nd

 k
in

et
ic

 
en

er
gi

es
 o

f a
ll 

th
e 

pa
rti

cl
es

 in
 a

n 
ob

je
ct

. 

 

Su
bl

im
at

io
n 

Th
e 

ch
an

gi
ng

 o
f s

ta
te

 d
ire

ct
ly

 fr
om

 a
 

so
lid

 to
 a

 g
as

 w
ith

ou
t f

or
m

in
g 

a 
liq

ui
d.

 

 

Sp
ec

ifi
c 

H
ea

t 
C

ap
ac

ity
 

Th
e 

en
er

gy
 re

qu
ire

d 
to

 ra
is

e 
th

e 
te

m
pe

ra
tu

re
 o

f 1
kg

 o
f a

 s
ub

st
an

ce
 b

y 
1o C

. 

    
ΔE

 =
 m

 x
 c

 x
 Δ
θ 

Sp
ec

ifi
c 

La
te

nt
 

H
ea

t o
f F

us
io

n 
Th

e 
en

er
gy

 re
qu

ire
d 

to
 c

ha
ng

e 
th

e 
st

at
e 

of
 1

kg
 o

f a
 s

ub
st

an
ce

 fr
om

 a
 

so
lid

 to
 a

 li
qu

id
 a

t c
on

st
an

t 
te

m
pe

ra
tu

re
. 

    
   

 Δ
E 

= 
m

 x
 L

f 

Sp
ec

ifi
c 

La
te

nt
 

H
ea

t o
f 

Va
po

ris
at

io
n.

 

Th
e 

en
er

gy
 re

qu
ire

d 
to

 c
ha

ng
e 

th
e 

st
at

e 
of

 1
kg

 o
f a

 s
ub

st
an

ce
 fr

om
 a

 
liq

ui
d 

to
 a

 g
as

 a
t c

on
st

an
t 

te
m

pe
ra

tu
re

. 

    
   

 Δ
E 

= 
m

 x
 L

v 

Pr
es

su
re

 
G

as
 p

re
ss

ur
e 

is
 c

au
se

d 
by

 th
e 

pa
rti

cl
es

 c
ol

lid
in

g 
w

ith
 th

e 
si

de
s 

of
 

th
ei

r c
on

ta
in

er
. 

   

Bo
yl

e’
s 

La
w

 
Pr

es
su

re
 a

nd
 V

ol
um

e 
ar

e 
in

ve
rs

el
y 

pr
op

or
tio

na
l. 

    
   

P 
x 

V 
= 

C
on

st
an

t 
 

 

Te
rm

 
D

ef
in

iti
on

 
Eq

ua
tio

n 
D

en
si

ty
 

A 
co

m
pa

ris
on

 o
f t

he
 m

as
s 

of
 th

e 
m

at
er

ia
l t

o 
th

e 
vo

lu
m

e 
it 

oc
cu

pi
es

. 
 

 

In
te

rn
al

 E
ne

rg
y 

Th
e 

to
ta

l p
ot

en
tia

l a
nd

 k
in

et
ic

 
en

er
gi

es
 o

f a
ll 

th
e 

pa
rti

cl
es

 in
 a

n 
ob

je
ct

. 

 

Su
bl

im
at

io
n 

Th
e 

ch
an

gi
ng

 o
f s

ta
te

 d
ire

ct
ly

 fr
om

 a
 

so
lid

 to
 a

 g
as

 w
ith

ou
t f

or
m

in
g 

a 
liq

ui
d.

 

 

Sp
ec

ifi
c 

H
ea

t 
C

ap
ac

ity
 

Th
e 

en
er

gy
 re

qu
ire

d 
to

 ra
is

e 
th

e 
te

m
pe

ra
tu

re
 o

f 1
kg

 o
f a

 s
ub

st
an

ce
 b

y 
1o C

. 

    
ΔE

 =
 m

 x
 c

 x
 Δ
θ 

Sp
ec

ifi
c 

La
te

nt
 

H
ea

t o
f F

us
io

n 
Th

e 
en

er
gy

 re
qu

ire
d 

to
 c

ha
ng

e 
th

e 
st

at
e 

of
 1

kg
 o

f a
 s

ub
st

an
ce

 fr
om

 a
 

so
lid

 to
 a

 li
qu

id
 a

t c
on

st
an

t 
te

m
pe

ra
tu

re
. 

    
   

 Δ
E 

= 
m

 x
 L

f 

Sp
ec

ifi
c 

La
te

nt
 

H
ea

t o
f 

Va
po

ris
at

io
n.

 

Th
e 

en
er

gy
 re

qu
ire

d 
to

 c
ha

ng
e 

th
e 

st
at

e 
of

 1
kg

 o
f a

 s
ub

st
an

ce
 fr

om
 a

 
liq

ui
d 

to
 a

 g
as

 a
t c

on
st

an
t 

te
m

pe
ra

tu
re

. 

    
   

 Δ
E 

= 
m

 x
 L

v 

Pr
es

su
re

 
G

as
 p

re
ss

ur
e 

is
 c

au
se

d 
by

 th
e 

pa
rti

cl
es

 c
ol

lid
in

g 
w

ith
 th

e 
si

de
s 

of
 

th
ei

r c
on

ta
in

er
. 

   

Bo
yl

e’
s 

La
w

 
Pr

es
su

re
 a

nd
 V

ol
um

e 
ar

e 
in

ve
rs

el
y 

pr
op

or
tio

na
l. 

    
   

P 
x 

V 
= 

C
on

st
an

t 
 

 Te
rm

 
D

ef
in

iti
on

 
Eq

ua
tio

n 
D

en
si

ty
 

A 
co

m
pa

ris
on

 o
f t

he
 m

as
s 

of
 th

e 
m

at
er

ia
l t

o 
th

e 
vo

lu
m

e 
it 

oc
cu

pi
es

. 
 

 

In
te

rn
al

 E
ne

rg
y 

Th
e 

to
ta

l p
ot

en
tia

l a
nd

 k
in

et
ic

 
en

er
gi

es
 o

f a
ll 

th
e 

pa
rti

cl
es

 in
 a

n 
ob

je
ct

. 

 

Su
bl

im
at

io
n 

Th
e 

ch
an

gi
ng

 o
f s

ta
te

 d
ire

ct
ly

 fr
om

 a
 

so
lid

 to
 a

 g
as

 w
ith

ou
t f

or
m

in
g 

a 
liq

ui
d.

 

 

Sp
ec

ifi
c 

H
ea

t 
C

ap
ac

ity
 

Th
e 

en
er

gy
 re

qu
ire

d 
to

 ra
is

e 
th

e 
te

m
pe

ra
tu

re
 o

f 1
kg

 o
f a

 s
ub

st
an

ce
 b

y 
1o C

. 

    
ΔE

 =
 m

 x
 c

 x
 Δ
θ 

Sp
ec

ifi
c 

La
te

nt
 

H
ea

t o
f F

us
io

n 
Th

e 
en

er
gy

 re
qu

ire
d 

to
 c

ha
ng

e 
th

e 
st

at
e 

of
 1

kg
 o

f a
 s

ub
st

an
ce

 fr
om

 a
 

so
lid

 to
 a

 li
qu

id
 a

t c
on

st
an

t 
te

m
pe

ra
tu

re
. 

    
   

 Δ
E 

= 
m

 x
 L

f 

Sp
ec

ifi
c 

La
te

nt
 

H
ea

t o
f 

Va
po

ris
at

io
n.

 

Th
e 

en
er

gy
 re

qu
ire

d 
to

 c
ha

ng
e 

th
e 

st
at

e 
of

 1
kg

 o
f a

 s
ub

st
an

ce
 fr

om
 a

 
liq

ui
d 

to
 a

 g
as

 a
t c

on
st

an
t 

te
m

pe
ra

tu
re

. 

    
   

 Δ
E 

= 
m

 x
 L

v 

Pr
es

su
re

 
G

as
 p

re
ss

ur
e 

is
 c

au
se

d 
by

 th
e 

pa
rti

cl
es

 c
ol

lid
in

g 
w

ith
 th

e 
si

de
s 

of
 

th
ei

r c
on

ta
in

er
. 

   

Bo
yl

e’
s 

La
w

 
Pr

es
su

re
 a

nd
 V

ol
um

e 
ar

e 
in

ve
rs

el
y 

pr
op

or
tio

na
l. 

    
   

P 
x 

V 
= 

C
on

st
an

t 
 

 

Te
rm

 
D

ef
in

iti
on

 
Eq

ua
tio

n 
D

en
si

ty
 

A 
co

m
pa

ris
on

 o
f t

he
 m

as
s 

of
 th

e 
m

at
er

ia
l t

o 
th

e 
vo

lu
m

e 
it 

oc
cu

pi
es

. 
 

 

In
te

rn
al

 E
ne

rg
y 

Th
e 

to
ta

l p
ot

en
tia

l a
nd

 k
in

et
ic

 
en

er
gi

es
 o

f a
ll 

th
e 

pa
rti

cl
es

 in
 a

n 
ob

je
ct

. 

 

Su
bl

im
at

io
n 

Th
e 

ch
an

gi
ng

 o
f s

ta
te

 d
ire

ct
ly

 fr
om

 a
 

so
lid

 to
 a

 g
as

 w
ith

ou
t f

or
m

in
g 

a 
liq

ui
d.

 

 

Sp
ec

ifi
c 

H
ea

t 
C

ap
ac

ity
 

Th
e 

en
er

gy
 re

qu
ire

d 
to

 ra
is

e 
th

e 
te

m
pe

ra
tu

re
 o

f 1
kg

 o
f a

 s
ub

st
an

ce
 b

y 
1o C

. 

    
ΔE

 =
 m

 x
 c

 x
 Δ
θ 

Sp
ec

ifi
c 

La
te

nt
 

H
ea

t o
f F

us
io

n 
Th

e 
en

er
gy

 re
qu

ire
d 

to
 c

ha
ng

e 
th

e 
st

at
e 

of
 1

kg
 o

f a
 s

ub
st

an
ce

 fr
om

 a
 

so
lid

 to
 a

 li
qu

id
 a

t c
on

st
an

t 
te

m
pe

ra
tu

re
. 

    
   

 Δ
E 

= 
m

 x
 L

f 

Sp
ec

ifi
c 

La
te

nt
 

H
ea

t o
f 

Va
po

ris
at

io
n.

 

Th
e 

en
er

gy
 re

qu
ire

d 
to

 c
ha

ng
e 

th
e 

st
at

e 
of

 1
kg

 o
f a

 s
ub

st
an

ce
 fr

om
 a

 
liq

ui
d 

to
 a

 g
as

 a
t c

on
st

an
t 

te
m

pe
ra

tu
re

. 

    
   

 Δ
E 

= 
m

 x
 L

v 

Pr
es

su
re

 
G

as
 p

re
ss

ur
e 

is
 c

au
se

d 
by

 th
e 

pa
rti

cl
es

 c
ol

lid
in

g 
w

ith
 th

e 
si

de
s 

of
 

th
ei

r c
on

ta
in

er
. 

   

Bo
yl

e’
s 

La
w

 
Pr

es
su

re
 a

nd
 V

ol
um

e 
ar

e 
in

ve
rs

el
y 

pr
op

or
tio

na
l. 

    
   

P 
x 

V 
= 

C
on

st
an

t 
 

 

Te
rm

 
D

ef
in

iti
on

 
Eq

ua
tio

n 
D

en
si

ty
 

A 
co

m
pa

ris
on

 o
f t

he
 m

as
s 

of
 th

e 
m

at
er

ia
l t

o 
th

e 
vo

lu
m

e 
it 

oc
cu

pi
es

. 
 

 

In
te

rn
al

 E
ne

rg
y 

Th
e 

to
ta

l p
ot

en
tia

l a
nd

 k
in

et
ic

 
en

er
gi

es
 o

f a
ll 

th
e 

pa
rti

cl
es

 in
 a

n 
ob

je
ct

. 

 

Su
bl

im
at

io
n 

Th
e 

ch
an

gi
ng

 o
f s

ta
te

 d
ire

ct
ly

 fr
om

 a
 

so
lid

 to
 a

 g
as

 w
ith

ou
t f

or
m

in
g 

a 
liq

ui
d.

 

 

Sp
ec

ifi
c 

H
ea

t 
C

ap
ac

ity
 

Th
e 

en
er

gy
 re

qu
ire

d 
to

 ra
is

e 
th

e 
te

m
pe

ra
tu

re
 o

f 1
kg

 o
f a

 s
ub

st
an

ce
 b

y 
1o C

. 

    
ΔE

 =
 m

 x
 c

 x
 Δ
θ 

Sp
ec

ifi
c 

La
te

nt
 

H
ea

t o
f F

us
io

n 
Th

e 
en

er
gy

 re
qu

ire
d 

to
 c

ha
ng

e 
th

e 
st

at
e 

of
 1

kg
 o

f a
 s

ub
st

an
ce

 fr
om

 a
 

so
lid

 to
 a

 li
qu

id
 a

t c
on

st
an

t 
te

m
pe

ra
tu

re
. 

    
   

 Δ
E 

= 
m

 x
 L

f 

Sp
ec

ifi
c 

La
te

nt
 

H
ea

t o
f 

Va
po

ris
at

io
n.

 

Th
e 

en
er

gy
 re

qu
ire

d 
to

 c
ha

ng
e 

th
e 

st
at

e 
of

 1
kg

 o
f a

 s
ub

st
an

ce
 fr

om
 a

 
liq

ui
d 

to
 a

 g
as

 a
t c

on
st

an
t 

te
m

pe
ra

tu
re

. 

    
   

 Δ
E 

= 
m

 x
 L

v 

Pr
es

su
re

 
G

as
 p

re
ss

ur
e 

is
 c

au
se

d 
by

 th
e 

pa
rti

cl
es

 c
ol

lid
in

g 
w

ith
 th

e 
si

de
s 

of
 

th
ei

r c
on

ta
in

er
. 

   

Bo
yl

e’
s 

La
w

 
Pr

es
su

re
 a

nd
 V

ol
um

e 
ar

e 
in

ve
rs

el
y 

pr
op

or
tio

na
l. 

    
   

P 
x 

V 
= 

C
on

st
an

t 
 

 

Te
rm

 
D

ef
in

iti
on

 
Eq

ua
tio

n 
D

en
si

ty
 

A 
co

m
pa

ris
on

 o
f t

he
 m

as
s 

of
 th

e 
m

at
er

ia
l t

o 
th

e 
vo

lu
m

e 
it 

oc
cu

pi
es

. 
 

 

In
te

rn
al

 E
ne

rg
y 

Th
e 

to
ta

l p
ot

en
tia

l a
nd

 k
in

et
ic

 
en

er
gi

es
 o

f a
ll 

th
e 

pa
rti

cl
es

 in
 a

n 
ob

je
ct

. 

 

Su
bl

im
at

io
n 

Th
e 

ch
an

gi
ng

 o
f s

ta
te

 d
ire

ct
ly

 fr
om

 a
 

so
lid

 to
 a

 g
as

 w
ith

ou
t f

or
m

in
g 

a 
liq

ui
d.

 

 

Sp
ec

ifi
c 

H
ea

t 
C

ap
ac

ity
 

Th
e 

en
er

gy
 re

qu
ire

d 
to

 ra
is

e 
th

e 
te

m
pe

ra
tu

re
 o

f 1
kg

 o
f a

 s
ub

st
an

ce
 b

y 
1o C

. 

    
ΔE

 =
 m

 x
 c

 x
 Δ
θ 

Sp
ec

ifi
c 

La
te

nt
 

H
ea

t o
f F

us
io

n 
Th

e 
en

er
gy

 re
qu

ire
d 

to
 c

ha
ng

e 
th

e 
st

at
e 

of
 1

kg
 o

f a
 s

ub
st

an
ce

 fr
om

 a
 

so
lid

 to
 a

 li
qu

id
 a

t c
on

st
an

t 
te

m
pe

ra
tu

re
. 

    
   

 Δ
E 

= 
m

 x
 L

f 

Sp
ec

ifi
c 

La
te

nt
 

H
ea

t o
f 

Va
po

ris
at

io
n.

 

Th
e 

en
er

gy
 re

qu
ire

d 
to

 c
ha

ng
e 

th
e 

st
at

e 
of

 1
kg

 o
f a

 s
ub

st
an

ce
 fr

om
 a

 
liq

ui
d 

to
 a

 g
as

 a
t c

on
st

an
t 

te
m

pe
ra

tu
re

. 

    
   

 Δ
E 

= 
m

 x
 L

v 

Pr
es

su
re

 
G

as
 p

re
ss

ur
e 

is
 c

au
se

d 
by

 th
e 

pa
rti

cl
es

 c
ol

lid
in

g 
w

ith
 th

e 
si

de
s 

of
 

th
ei

r c
on

ta
in

er
. 

   

Bo
yl

e’
s 

La
w

 
Pr

es
su

re
 a

nd
 V

ol
um

e 
ar

e 
in

ve
rs

el
y 

pr
op

or
tio

na
l. 

    
   

P 
x 

V 
= 

C
on

st
an

t 
 

 

96

Ph
ys
ic
s 
P2

 P
ar
tic

le
 M

od
el
 o
f M

at
te
r



Ph
ys
ic
s 
P3

 R
ad

io
ac

tiv
ity

 3
 

 
B

ox
 1

: 
A

to
m

ic
 S

tr
u

ct
u

re
 

EE
llee

cctt
rroo

nn  
EE

nnee
rrgg

yy  
LLee

vvee
llss

  

B
ox

 2
: 

N
u

cl
ea

r 
 

D
ec

ay
 

D
ec

ay
 

A
to

m
ic

 
no

 
M

as
s 

no
. 

A
lp

ha
 

-2
 

-4
 

B
et

a 
+

1 
+

0 

G
am

m
a 

+
0 

+
0 

B
ox

 3
: 

P
ro

p
er

ti
es

 o
f 

ra
d

ia
ti

on
 

 

A
lp

ha
 =

 s
m

ok
e 

de
te

ct
or

s 
 

B
et

a 
=

 p
ap

er
/f

oi
l t

hi
ck

ne
ss

 
G

am
m

a 
=

 s
te

ri
lis

in
g,

 t
ra

ce
rs

, 
ki

lli
ng

 c
an

ce
r 

ce
lls

 

B
ox

 4
: 

 
H

al
f 

Li
fe

 

 

B
ox

 5
: 

Fi
ss

io
n

 (
Tr

ip
le

 O
n

ly
) 

 

B
ox

 6
: 

 
Fu

si
on

 

(T
ri

p
le

 O
n

ly
) 

Y
ea

r 
9

 P
3

 R
ad

io
ac

ti
vi

ty
 

Te
rm

 
D

ef
in

it
io

n
 

A
ct

iv
it
y 

Th
e 

nu
m

be
r 

of
 u

ns
ta

bl
e 

at
om

s 
th

at
 d

ec
ay

 in
 

1 
se

co
nd

s,
 m

ea
su

re
d 

in
 b

ec
qu

er
el

, 
B
q.

 

A
lp

ha
  

ra
di

at
io

n 
2 

pr
ot

on
s 

an
d 

2 
ne

ut
ro

ns
 (

he
liu

m
 n

uc
le

us
).

  
Em

it
te

d 
fr

om
 t

he
 n

uc
le

us
. 

A
to

m
ic

  
nu

m
be

r 
Th

e 
nu

m
be

r 
of

 p
ro

to
ns

 in
 a

n 
at

om
. 

  
A
ls

o 
kn

ow
n 

as
 t

he
 p

ro
to

n 
nu

m
be

r.
 

B
et

a 
 

ra
di

at
io

n 
H

ig
h 

en
er

gy
 e

le
ct

ro
ns

 e
m

itt
ed

 f
ro

m
 t

he
  

nu
cl

eu
s.

 

C
ha

in
 r

e-
ac

tio
n 

W
he

re
 o

ne
 r

ea
ct

io
n 

ca
us

es
 f
ur

th
er

 r
ea

ct
io

ns
, 

w
hi

ch
 in

 t
ur

n 
ca

us
es

 f
ur

th
er

 r
ea

ct
io

ns
. 

C
on

ta
m

i-
na

tio
n 

Th
e 

un
w

an
te

d 
pr

es
en

ce
 o

f 
ra

di
oa

ct
iv

e 
 

m
at

er
ia

l i
n 

or
 o

n 
so

m
et

hi
ng

. 

C
ou

nt
 

ra
te

 
Th

e 
nu

m
be

r 
of

 c
ou

nt
s 

pe
r 

se
co

nd
 d

et
ec

te
d 

by
 

a 
G

ei
ge

r 
co

un
te

r.
 

El
ec

tr
on

s 
N

eg
at

iv
el

y 
ch

ar
ge

d 
pa

rt
ic

le
s 

or
bi

tin
g 

th
e 

 
nu

cl
eu

s 
of

 a
n 

at
om

. 

En
er

gy
 

le
ve

ls
 

S
pe

ci
fic

 e
ne

rg
y 

va
lu

es
 f
or

 t
he

  
el

ec
tr

on
s 

or
bi

ti
ng

 a
 n

uc
le

us
. 

Fi
ss

io
n 

Th
e 

br
ea

ki
ng

 o
f 
a 

la
rg

e 
nu

cl
eu

s 
in

to
 t

w
o 

sm
al

le
r 

nu
cl

ei
. 

Fu
si

on
 

Th
e 

jo
in

in
g 

of
 n

uc
le

i i
nt

o 
a 

la
rg

er
 n

uc
le

us
. 

G
am

m
a 

ra
di

at
io

n 
H

ig
h 

en
er

gy
 e

le
ct

ro
-m

ag
ne

ti
c 

ra
di

at
io

n 
 

em
itt

ed
 f
ro

m
 a

n 
in

st
ab

le
 n

uc
le

us
. 

H
al

f-
lif

e 
A
ve

ra
ge

 t
im

e 
ta

ke
n 

fo
r 

th
e 

nu
m

be
r 

of
  

ra
di

oa
ct

iv
e 

nu
cl

ei
 o

r 
th

e 
co

un
t 

ra
te

 t
o 

ha
lv

e.
 

Io
n 

A
 c

ha
rg

ed
 a

to
m

. 

Io
ni

sa
tio

n 
Th

e 
pr

oc
es

s 
of

 a
to

m
s 

ga
in

in
g 

or
 lo

si
ng

  
el

ec
tr

on
s 

to
 b

ec
om

e 
io

ns
. 

Ir
ra

di
at

ed
 

A
n 

ob
je

ct
 h

as
 b

ee
n 

ex
po

se
d 

to
 io

ni
si

ng
  

ra
di

at
io

ns
. 

Is
ot

op
es

 
A
to

m
s 

w
it
h 

th
e 

sa
m

e 
nu

m
be

r 
of

 p
ro

to
ns

 b
ut

 
a 

di
ff
er

en
t 

nu
m

be
r 

of
 n

eu
tr

on
s.

 

M
as

s 
nu

m
be

r 
N

um
be

r 
of

 p
ro

to
ns

 +
 n

eu
tr

on
s 

in
 a

 n
uc

le
us

. 

N
eu

tr
on

s 
U

nc
ha

rg
ed

 p
ar

tic
le

s 
in

 t
he

 n
uc

le
us

. 
  

S
am

e 
m

as
s 

as
 a

 p
ro

to
n.

 

N
uc

le
us

 
Th

e 
tin

y 
ce

nt
re

 o
f 
an

 a
to

m
 c

om
po

se
d 

of
  

pr
ot

on
s 

an
d 

ne
ut

ro
ns

. 

Pr
ot

on
s 

Po
si

ti
ve

ly
 c

ha
rg

ed
 p

ar
tic

le
s 

in
 t

he
 n

uc
le

us
. 

 
S
am

e 
m

as
s 

as
 a

 n
eu

tr
on

. 

A
to

m
ic

 n
um

be
r 

M
as

s 
nu

m
be

r 

97



98

Ph
ys
ic
s 
P4

 C
ur
re
nt
 e
le
ct
ric

ity

 4
 

 
Y

ea
r 

9
 P

4
 C

u
rr

en
t 

el
ec

tr
ic

it
y 

B
ox

 1
: 

C
ir

cu
it

 s
ym

b
ol

s 

B
ox

 2
: 

El
ec

tr
ic

 F
ie

ld
 d

ia
g

ra
m

s 
(T

ri
p

le
 O

n
ly

) 

B
ox

 4
: 

P
ar

al
le

l 
C

ir
cu

it
s 

1.
 C

ur
re

nt
 f

ro
m

 t
he

 b
at

te
ry

 is
 s

ha
re

d 
by

 
th

e 
co

m
po

ne
nt

s 
on

 t
he

 b
ra

nc
he

s 
of

 t
he

 
ci

rc
ui

t 
be

fo
re

 r
et

ur
ni

ng
 t

o 
th

e 
 

ba
tt

er
y.

  
(A

 =
 (

D
) 

=
 (

B
) 

+
 (

C
) 

 

2.
 P

ot
en

tia
l D

iff
er

en
ce

 o
f 
ba

tt
er

y 
 

is
 t

he
 s

am
e 

fo
r 

al
l  

co
m

po
ne

nt
s 

on
 t

he
 b

ra
nc

he
s 

of
 t

he
  

ci
rc

ui
t.

  
A
ll 

vo
lt
m

et
er

 r
ea

di
ng

s 
ar

e 
eq

ua
l. 

3.
 T

ot
al

 R
es

is
ta

nc
e 

of
 c

ir
cu

it
 is

 le
ss

 t
ha

n 
th

e 
sm

al
le

st
 r

es
is

to
r 

in
 t

he
 c

ir
cu

it
. 

B
ox

 3
: 

S
er

ie
s 

ci
rc

u
it

s 

1.
 C

ur
re

nt
 is

 a
lw

ay
s 

th
e 

sa
m

e,
 s

o 
al

l a
m

m
et

er
 r

ea
di

ng
s 

w
ill

 b
e 

th
e 

sa
m

e.
 

2.
 P

ot
en

ti
al

 D
iff

er
en

ce
 o

f 
 

ba
tt

er
y 

is
 s

ha
re

d 
by

 c
om

po
ne

nt
s,

 
so

 r
ea

di
ng

  
(A

) 
=

 (
B
) 

+
 (

C
).

 

3.
To

ta
l R

es
is

ta
nc

e 
of

 C
ir

cu
it
 is

 t
he

 
su

m
 o

f 
th

e 
re

si
st

an
ce

 o
f 
al

l c
 

om
po

ne
nt

s.
  
 

E.
g.

 T
ot

al
 R

 =
 R

1 
+

 R
2 

+
 …

. 

Li
gh

t I
nt

en
si

ty
 

B
ox

 5
: 

R
es

is
ta

n
ce

 

LD
R

 

Th
er

m
is

to
r Li

gh
t i

nt
en

si
ty

 

Te
rm

 
D

ef
in

it
io

n
 

Eq
u

at
io

n
 

C
ha

rg
e 

(Q
) 

A
 p

ro
pe

rt
y 

of
 m

at
te

r 
th

at
 c

an
 b

e 
 

po
si

ti
ve

 o
r 

ne
ga

tiv
e.

  
M

ea
su

re
d 

in
 

co
ul

om
bs

, 
C
 

 

D
io

de
 

N
on

-o
hm

ic
 c

on
du

ct
or

..
 I

t 
ha

s 
a 

hi
gh

 
re

si
st

an
ce

 in
 t

he
 r

ev
er

se
 d

ir
ec

tio
n.

  
C
ur

re
nt

 f
lo

w
s 

in
 o

ne
 d

ir
ec

tio
n 

on
ly

. 

 

C
ur

re
nt

 
(I

) 
Fl

ow
 o

f 
el

ec
tr

ic
 c

ha
rg

e.
  

 
M

ea
su

re
d 

in
 a

m
ps

, 
A
. 

(1
A
 is

 1
C
 /

s)
. 

Q
 =

 I
 x

 t
 

El
ec

tr
ic

 
fie

ld
  

Th
e 

ar
ea

 a
ro

un
d 

a 
ch

ar
ge

d 
ob

je
ct

 
w

hi
ch

 c
au

se
s 

a 
no

n-
co

nt
ac

t 
fo

rc
e 

on
 

ot
he

r 
ch

ar
ge

d 
ob

je
ct

s.
 

 

Fi
el

d 
lin

es
 

D
ir

ec
tio

n 
a 

po
si

tiv
e 

ch
ar

ge
 w

ou
ld

 
m

ov
e 

w
he

n 
pl

ac
ed

 in
 a

n 
el

ec
tr

ic
 f
ie

ld
. 

 

Fu
se

 
A
 t

hi
n 

w
ir

e 
th

at
 m

el
ts

 t
o 

st
op

 t
he

 f
lo

w
 

of
 c

ur
re

nt
 if

 it
 g

et
s 

to
o 

ho
t.

 
 

Li
gh

t 
 

de
pe

nd
an

t 
re

si
st

or
  

A
 r

es
is

to
r 

in
 w

hi
ch

 t
he

 r
es

is
ta

nc
e 

ch
an

ge
s 

w
it
h 

lig
ht

 in
te

ns
ity

. 
(L

D
R
) 

 

Li
gh

t 
em

itt
in

g 
di

od
e 

A
 d

io
de

 t
ha

t 
w

ill
 a

ls
o 

em
it 

lig
ht

. 
 

(L
ED

) 
 

O
hm

’s
 

La
w

 
C
ur

re
nt

 t
hr

ou
gh

 a
 r

es
is

to
r 

is
 d

ir
ec

tly
 

pr
op

or
tio

na
l t

o 
th

e 
po

te
nt

ia
l d

iff
er

-
en

ce
 a

t 
a 

co
ns

ta
nt

 t
em

pe
ra

tu
re

. 

V
 =

 I
 x

 R
 

Pa
ra

lle
l 

ci
rc

ui
t 

A
 c

ir
cu

it
 c

on
ne

ct
ed

 s
o 

th
e 

sa
m

e 
 

po
te

nt
ia

l d
iff

er
en

ce
 is

 a
cr

os
s 

ev
er

y 
co

m
po

ne
nt

. 

 

Po
te

nt
ia

l 
di

ff
er

en
ce

 
(V

) 

En
er

gy
 t

ra
ns

fe
rr

ed
 b

y 
ea

ch
 c

ou
lo

m
b 

of
 c

ha
rg

e.
  

M
ea

su
re

d 
in

 v
ol

ts
, 

V
. 

E 
=

 V
 x

 Q
 

Po
w

er
 (

P)
 

R
at

e 
of

 e
ne

rg
y 

tr
an

sf
er

. 
  

M
ea

su
re

d 
in

 w
at

ts
, 

W
. 

P 
=

 E
/t

 
P=

 I
 x

 V
 

P 
=

 I
2  

x 
R

 

R
es

is
ta

nc
e 

(R
) 

H
ow

 d
iff

ic
ul

t 
it
 is

 f
or

 a
n 

el
ec

tr
ic

 c
ur

-
re

nt
 t

o 
flo

w
. 

 M
ea

su
re

d 
in

 o
hm

s,
 Ω

. 
V
 =

 I
 x

 R
 

S
er

ie
s 

 
ci

rc
ui

t 
A
 c

ir
cu

it
 c

on
ne

ct
ed

 s
o 

th
e 

sa
m

e 
cu

r-
re

nt
 f
lo

w
s 

th
ro

ug
h 

ev
er

y 
co

m
po

ne
nt

. 
 

S
ta

tic
  

el
ec

tr
ic

ity
 

El
ec

tr
ic

 c
ha

rg
e 

st
or

ed
 o

n 
in

su
la

tin
g 

ob
je

ct
s 

by
 e

le
ct

ro
ns

 f
lo

w
in

g.
 

 

Th
er

m
is

-
to

r 
A
 r

es
is

to
r 

in
 w

hi
ch

  
th

e 
re

si
st

an
ce

 
ch

an
ge

s 
w

ith
 t

em
pe

ra
tu

re
. 

 



99

TECH
YEAR 9



Ye
ar

 9
D&

T

KN
OW

LE
DG

E
OR

GA
NI

SE
R 

1

Au
to

de
sk

 In
ve

nt
or

Sk
et

ch

Ex
tru

de

Fi
lle

t

Pa
tte

rn

Or
th

og
ra

ph
ic 

Dr
aw

in
g

Iso
m

et
ric

 D
ra

w
in

g
    

    
    

  

Si
ng

le
 P

oi
nt

 P
er

sp
ec

tiv
e

Tw
o 

Po
in

t P
er

sp
ec

tiv
e

De
si

gn
 S

pe
ci

fic
at

io
n

Ad
es

ig
n 

sp
ec

ifi
ca

tio
na

 li
st

 o
f c

rit
er

ia
 a

 p
ro

du
ct

 n
ee

ds
 to

 a
dd

re
ss

. U
si

ng
 th

e 
br

ie
f a

s 
a 

st
ar

tin
g 

po
in

t f
or

 re
se

ar
ch

, a
 s

pe
ci

fic
at

io
n 

ca
n 

be
 w

rit
te

n 
w

he
n 

m
or

e 
fa

ct
s 

ar
e 

kn
ow

n.
 In

fo
rm

at
io

n 
ne

ed
s 

to
 b

e 
fo

un
d 

th
ro

ug
h 

re
se

ar
ch

 to
 h

el
p 

pr
od

uc
e 

ea
rly

 d
es

ig
n 

so
lu

tio
ns

 a
nd

 im
pr

ov
em

en
ts

.

If 
th

e 
cr

ite
ria

 a
re

 m
ea

su
ra

bl
e,

 it
 m

ak
es

 it
 e

as
ie

r t
o 

la
te

r m
ea

su
re

 h
ow

 e
ffe

ct
iv

e 
th

e 
de

si
gn

 id
ea

s 
ar

e,
 e

g 
'H

ow
 m

uc
h 

w
ill 

th
e 

de
si

gn
 c

os
t t

o 
pr

od
uc

e?
'

H
ow

 to
 a

vo
id

 d
es

ig
n 

fix
at

io
n

D
es

ig
n 

fix
at

io
n 

co
nf

in
es

 a
 d

es
ig

ne
r t

o 
lim

ite
d 

cr
ea

tiv
ity

. I
t i

s 
a 

re
gr

es
si

ve
 

cy
cl

e,
 th

at
 is

 s
om

et
im

es
 d

iff
ic

ul
t t

o 
es

ca
pe

. H
ow

ev
er

, t
he

re
 a

re
 

st
ra

te
gi

es
 th

at
 c

an
 b

e 
us

ed
, t

ha
t w

ill 
he

lp
 a

 d
es

ig
ne

rs
 c

re
at

iv
ity

.

Si
m

pl
y 

by
 c

op
yi

ng
 a

 d
es

ig
n,

 is
 n

ot
 c

re
at

in
g 

a 
ne

w
 d

es
ig

n.
 U

si
ng

 a
 

so
ur

ce
 o

f i
ns

pi
ra

tio
n 

ca
n 

be
 a

n 
ex

ce
lle

nt
 w

ay
 o

f s
ta

rti
ng

 a
 d

es
ig

n.

De
si

gn
 B

rie
f

Ad
es

ig
n 

br
ie

f i
s 

th
e 

st
at

em
en

t a
cl

ie
nt

(th
e 

pe
rs

on
 y

ou
 a

re
 d

es
ig

ni
ng

 fo
r) 

gi
ve

s 
to

 a
 d

es
ig

ne
r o

ut
lin

in
g 

w
ha

t t
he

y 
w

an
t t

he
ir 

pr
od

uc
t t

o 
be

 li
ke

, e
g 

'D
es

ig
n 

a 
dr

in
ks

 b
ot

tle
 h

ol
de

r f
or

 u
se

 w
hi

le
 ri

di
ng

 a
 b

ic
yc

le
'. 

Th
e 

de
si

gn
er

 
co

ul
d 

al
so

 p
ro

du
ce

 a
 b

rie
f o

n 
be

ha
lf 

of
 th

e 
cl

ie
nt

, a
s 

th
e 

cl
ie

nt
 m

ig
ht

 h
av

e 
a 

pr
ob

le
m

 b
ut

 n
ot

 k
no

w
 h

ow
 to

 p
ro

ce
ed

. 

100

Ye
ar
 9
 D
&
T 
K
no

w
le
dg

e 
O
rg
an

is
er
 1



D
es

ig
ni

ng
 a

nd
 D

ev
el

op
in

g 
Pr

ot
ot

yp
es

 

Th
ey

 a
re

 u
se

d 
to

 c
he

ck
 re

qu
ire

m
en

ts
 o

f t
he

 c
lie

nt
, 

re
sp

on
d 

to
 c

lie
nt

 n
ee

ds
, t

es
t t

o 
fu

nc
tio

na
lit

y 
(to

 s
ee

 
ho

w
 th

ey
 w

or
k)

, c
he

ck
 a

es
th

et
ic

s 
an

d 
ch

ec
k 

its
 

m
ar

ke
ta

bi
lit

y 

A 
de

si
gn

er
 w

ou
ld

 u
se

 th
e 

pr
ot

ot
yp

e 
to

 te
st

 th
e 

ab
ov

e.
 

C
AD

/C
AM

 is
 e

ffe
ct

iv
e 

an
d 

qu
ic

k 
w

ay
 o

f p
ro

du
ci

ng
 

po
ro

ty
pe

s 
be

ca
us

e 
ca

n 
be

 m
od

ifi
ed

 e
as

ily
. 

Ev
al

ua
tin

g 
Pr

ot
ot

yp
e 

Fi
na

l p
ro

to
ty

pe
s 

w
ill 

be
 u

se
d 

to
 g

et
 c

lie
nt

 fe
ed

ba
ck

 
an

d 
w

ill 
be

 u
se

d 
to

 w
or

k 
ou

t c
os

tin
gs

 fo
r m

at
er

ia
ls

 
an

d 
la

bo
ur

.

101

Ye
ar
 9
 D
&
T 
K
no

w
le
dg

e 
O
rg
an

is
er
 2



Notes

102



Notes

103



Framwellgate School Durham, 
Newton Dr, Durham 

DH1 5BQ

Email: enquiries@framdurham.com
Tel: 0191 386 6628

www.framdurham.com

Excellence, compassion & respect for all


