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W
h

e
n

 sim
ila

r in
ve

stig
a

tio
n

s g
ive

 d
iffe

re
n

t re
su

lts, th
e

 scie
n

tific
ch

a
lle

n
g

e
 is to

 ju
d

g
e

 w
h

e
th

e
r th

e
 d

iffe
re

n
ce

s a
re

 trivia
l o

r
sig

n
ifica

n
t, a

n
d

 it o
fte

n
 ta

ke
s fu

rth
e

r stu
d

ie
s to

 d
e

cid
e

. E
ve

n
w

ith
 sim

ila
r re

su
lts, scie

n
tists m

a
y w

a
it u

n
til a

n
 in

ve
stig

a
tio

n
has been repeated m

any tim
es before accepting the results as

correct.
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b
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ct 
to

 
m

o
d
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a
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n
e

w
inform

ation challenges prevailing theories and as a new
 theory

leads to looking at old observations in a new
 w

ay.
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S
om

e scientific know
ledge is very old and yet is still applicable

today.
S

om
e m

atters cannot be exam
ined usefully in a scientific w

ay.
A

m
o

n
g

 th
e

m
 a

re
 m

a
tte

rs th
a

t b
y th

e
ir n

a
tu

re
 ca

n
n

o
t b

e
 te

ste
d

o
b

je
ctive

ly a
n

d
 th

o
se

 th
a

t a
re

 e
sse

n
tia

lly m
a

tte
rs o

f m
o

ra
lity.

S
cience can som

etim
es be used to inform

 ethical decisions by
id

e
n

tifyin
g

 th
e

 like
ly co

n
se

q
u

e
n

ce
s o

f p
a

rticu
la

r a
ctio

n
s b

u
t

cannot be used to establish that som
e action is either m

oral or
im

m
oral.
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how
 they go about their w

ork. A
lthough there is no fixed set of

ste
p

s th
a

t a
ll scie

n
tists fo

llo
w

, scie
n

tific in
ve

stig
a

tio
n

s u
su

a
lly

in
vo

lve
 th

e
 co

lle
ctio

n
 o

f re
le

va
n

t e
vid

e
n

ce
, th

e
 u

se
 o

f lo
g

ica
l

re
a

so
n

in
g

, 
a

n
d

 
th

e
 

a
p

p
lica

tio
n

 
o

f 
im

a
g

in
a

tio
n

 
in

 
d

e
visin

g
h

yp
o

th
e

se
s a

n
d

 e
xp

la
n

a
tio

n
s to

 m
a

ke
 se

n
se

 o
f th

e
 co

lle
cte

d
evidence.
If m

o
re

 th
a

n
 o

n
e

 va
ria

b
le

 ch
a

n
g

e
s a

t th
e

 sa
m

e
 tim

e
 in

 a
n

experim
ent, the outcom

e of the experim
ent m

ay not be clearly
a

ttrib
u

ta
b

le
 to

 a
n

y o
n

e
 o

f th
e

 va
ria

b
le

s. It m
a

y n
o

t a
lw

a
ys b

e
p

o
ssib

le
 to

 p
re

ve
n

t o
u

tsid
e

 va
ria

b
le

s fro
m

 in
flu

e
n

cin
g

 th
e

o
u

tco
m

e
 o

f a
n

 in
ve

stig
a

tio
n

 (o
r e

ve
n

 to
 id

e
n

tify a
ll o

f th
e

va
ria

b
le

s), b
u

t co
lla

b
o

ra
tio

n
 a

m
o

n
g

 in
ve

stig
a

to
rs ca

n
 o

fte
n

le
a

d
 to

 re
se

a
rch

 d
e

sig
n

s th
a

t a
re

 a
b

le
 to

 d
e

a
l w

ith
 su

ch
situations.
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p
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se
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o

fte
n

 
a

ffe
cts 

w
h

a
t 

th
e

y
a

ctu
a

lly d
o

 o
b

se
rve

. S
tro

n
g

 b
e

lie
fs a

b
o

u
t w

h
a

t sh
o

u
ld

 h
a

p
p

e
n

in
 p

a
rticu

la
r circu

m
sta

n
ce

s ca
n

 p
re

ve
n

t th
e

m
 fro

m
 d

e
te

ctin
g

o
th

e
r re

su
lts. S

cie
n

tists kn
o

w
 a

b
o

u
t th

is d
a

n
g

e
r to

 o
b

je
ctivity

a
n

d
 

ta
ke

 
ste

p
s 

to
 

try 
a

n
d

 
a

vo
id

 
it 

w
h

e
n

 
d

e
sig

n
in

g
in

ve
stig

a
tio

n
s a

n
d

 e
xa

m
in

in
g

 d
a

ta
. O

n
e

 sa
fe

g
u

a
rd

 is to
 h

a
ve

d
iffe

re
n

t in
ve

stig
a

to
rs co

n
d

u
ct in

d
e

p
e

n
d

e
n

t stu
d

ie
s o

f th
e

sam
e questions.
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m
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n
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lo
g
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ve
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n
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e
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iffe
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t
kinds of people, in different cultures, at different tim

es.
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rm
a
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e
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scie
n

ce
 e

sta
b

lish
m

e
n

t; th
e

 re
m

a
rka

b
le

 fe
w

 w
h

o
 o

ve
rca

m
e

th
o

se
 o

b
sta

cle
s w

e
re

 e
ve

n
 th

e
n

 like
ly to

 h
a

ve
 th

e
ir w

o
rk

disregarded by the science establishm
ent.

N
o

 m
a

tte
r w

h
o

 d
o

e
s scie

n
ce

 a
n

d
 m

a
th

e
m

a
tics o

r in
ve

n
ts

th
in

g
s, o

r w
h

e
n

 o
r w

h
e

re
 th

e
y d

o
 it, th

e
 kn

o
w

le
d

g
e

 a
n

d
te

ch
n

o
lo

g
y th

a
t re

su
lt ca

n
 e

ve
n

tu
a

lly b
e

co
m

e
 a

va
ila

b
le

 to
everyone in the w

orld.
S

cientists are em
ployed by colleges and universities, business

and industry, hospitals, and m
any governm

ent agencies. T
heir

p
la

ce
s 

o
f 

w
o

rk 
in

clu
d

e
 

o
ffice

s, 
cla

ssro
o

m
s, 

la
b

o
ra

to
rie

s,
fa

rm
s, fa

cto
rie

s, a
n

d
 n

a
tu

ra
l fie

ld
 se

ttin
g

s ra
n

g
in

g
 fro

m
 sp

a
ce

to the ocean floor.
In

 re
se

a
rch

 in
vo

lvin
g

 h
u

m
a

n
 su

b
je

cts, th
e

 e
th

ics o
f scie

n
ce

require that potential subjects be fully inform
ed about the risks

a
n

d
 b

e
n

e
fits a

sso
cia

te
d

 w
ith

 th
e

 re
se

a
rch

 a
n

d
 o

f th
e

ir rig
h

t to
re

fu
se

 
to

 
p

a
rticip

a
te

. 
S

cie
n

ce
 

e
th

ics 
a

lso
 

d
e

m
a

n
d

 
th

a
t

scientists m
ust not know

ingly subject cow
orkers, students, the

n
e

ig
h

b
o

rh
o

o
d

, o
r th

e
 co

m
m

u
n

ity to
 h

e
a

lth
 o

r p
ro

p
e

rty risks
w

ith
o

u
t th

e
ir p

rio
r kn

o
w

le
d

g
e

 a
n

d
 co

n
se

n
t. B

e
ca

u
se

 a
n

im
a

ls
ca

n
n

o
t m

a
ke

 in
fo

rm
e

d
 ch

o
ice

s, sp
e

cia
l ca

re
 m

u
st b

e
 ta

ke
n

 in
using them

 in scientific research.

C
o

m
p

u
te

rs h
a

ve
 b

e
co

m
e

 in
va

lu
a

b
le

 in
 scie

n
ce

 b
e

ca
u

se
 th

e
y

speed up and extend people's ability to collect, store, com
pile,

a
n

d
 a

n
a

lyze
 d

a
ta

, p
re

p
a

re
 re

se
a

rch
 re

p
o

rts, a
n

d
 sh

a
re

 d
a

ta
and ideas w

ith investigators all over the w
orld.
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d
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e

r
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C
hapter 2

T
H

E
 N

A
T

U
R

E
 O

F
 M

A
T

H
E

M
A

T
IC

S
P

attern
s an

d
 R

elatio
n

sh
ip

s

U
su

a
lly th

e
re

 is n
o

 o
n

e
 rig

h
t w

a
y to

 so
lve

 a
 m

a
th

e
m

a
tica

l
p

ro
b

le
m

; d
iffe

re
n

t m
e

th
o

d
s h

a
ve

 d
iffe

re
n

t a
d

va
n

ta
g

e
s a

n
d

disadvantages.

L
o

g
ica

l co
n

n
e

ctio
n

s ca
n

 b
e

 fo
u

n
d

 b
e

tw
e

e
n

 d
iffe

re
n

t p
a

rts o
f

m
athem

atics.
M

ath
em

atics, S
cien

ce, an
d

 T
ech

n
o

lo
g

y
M

a
th

e
m

a
tics 

is 
h

e
lp

fu
l 

in
 

a
lm

o
st 

e
ve

ry 
kin

d
 

o
f 

h
u

m
a

n
e

n
d

e
a

vo
r—

fro
m

 
la

yin
g

 
b

ricks 
to

 
p

re
scrib

in
g

 
m

e
d

icin
e

 
o

r
d

ra
w

in
g

 a
 fa

ce
. In

 p
a

rticu
la

r, m
a

th
e

m
a

tics h
a

s co
n

trib
u

te
d

 to
p

ro
g

re
ss in

 scie
n

ce
 a

n
d

 te
ch

n
o

lo
g

y fo
r th

o
u

sa
n

d
s o

f ye
a

rs
and still continues to do so.
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X

X
X

X
X

X
X

M
ath

em
atical In

q
u

iry
M

a
th

e
m

a
ticia

n
s o

fte
n

 re
p

re
se

n
t th

in
g

s w
ith

 a
b

stra
ct id

e
a

s,
such as num

bers or perfectly straight lines, and then w
ork w

ith
th

o
se

 id
e

a
s a

lo
n

e
. T

h
e

 "th
in

g
s" fro

m
 w

h
ich

 th
e

y a
b

stra
ct ca

n
b

e
 id

e
a

s th
e

m
se

lve
s (fo

r e
xa

m
p

le
, a

 p
ro

p
o

sitio
n

 a
b

o
u

t "a
ll

equal-sided triangles" or "all odd num
bers").

W
h

e
n

 
m

a
th

e
m

a
ticia

n
s 

u
se

 
lo

g
ica

l 
ru

le
s 

to
 

w
o

rk 
w

ith
re

p
re

se
n

ta
tio

n
s o

f th
in

g
s, th

e
 re

su
lts m

a
y o

r m
a

y n
o

t b
e

 va
lid

fo
r th

e
 th

in
g

s th
e

m
se

lve
s. U

sin
g

 m
a

th
e

m
a

tics to
 so

lve
 a

problem
 requires choosing w

hat m
athem

atics to use; probably
m

a
kin

g
 

so
m

e
 

sim
p

lifyin
g

 
a

ssu
m

p
tio

n
s, 

e
stim

a
te

s, 
o

r
approxim

ations; doing com
putations; and then checking to see

w
h

e
th

e
r th

e
 a

n
sw

e
r m

a
ke

s se
n

se
. If a

n
 a

n
sw

e
r d

o
e

s n
o

t
se

e
m

 to
 m

a
ke

 e
n

o
u

g
h

 se
n

se
 fo

r its in
te

n
d

e
d

 p
u

rp
o

se
, th

e
n

any of these steps m
ight have been inappropriate.
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C
hapter 3

T
H

E
 N

A
T

U
R

E
 O

F
 T

E
C

H
N

O
L

O
G

Y
T

ech
n

o
lo

g
y an

d
 S

cien
ce

In
 e

a
rlie

r tim
e

s, th
e

 a
ccu

m
u

la
te

d
 in

fo
rm

a
tio

n
 a

n
d

 te
ch

n
iq

u
e

s
o

f e
a

ch
 g

e
n

e
ra

tio
n

 o
f w

o
rke

rs w
e

re
 ta

u
g

h
t o

n
 th

e
 jo

b
 d

ire
ctly

to the next generation of w
orkers. T

oday, the know
ledge base

fo
r te

ch
n

o
lo

g
y ca

n
 b

e
 fo

u
n

d
 a

s w
e

ll in
 lib

ra
rie

s o
f p

rin
t a

n
d

electronic resources and is often taught in the classroom
.

X
X

X
X

X
X

X
X

T
e

ch
n

o
lo

g
y is e

sse
n

tia
l to

 scie
n

ce
 fo

r su
ch

 p
u

rp
o

se
s a

s
a

cce
ss to

 o
u

te
r sp

a
ce

 a
n

d
 o

th
e

r re
m

o
te

 lo
ca

tio
n

s, sa
m

p
le

co
lle

ctio
n

 a
n

d
 tre

a
tm

e
n

t, m
e

a
su

re
m

e
n

t, d
a

ta
 co

lle
ctio

n
 a

n
d

storage, com
putation, and com

m
unication of inform

ation.
X

X
X

X
X

X
X

X

T
e

ch
n

o
lo

g
y is e

sse
n

tia
l to

 scie
n

ce
 fo

r su
ch

 p
u

rp
o

se
s a

s
a

cce
ss to

 o
u

te
r sp

a
ce

 a
n

d
 o

th
e

r re
m

o
te

 lo
ca

tio
n

s, sa
m

p
le

co
lle

ctio
n

 a
n

d
 tre

a
tm

e
n

t, m
e

a
su

re
m

e
n

t, d
a

ta
 co

lle
ctio

n
 a

n
d

storage, com
putation, and com

m
unication of inform

ation.
D

esig
n

 an
d

 S
ystem

s
D

esign usually requires taking constraints into account. S
om

e
co

n
stra

in
ts, su

ch
 a

s g
ra

vity o
r th

e
 p

ro
p

e
rtie

s o
f th

e
 m

a
te

ria
ls

to
 b

e
 u

se
d

, a
re

 u
n

a
vo

id
a

b
le

. O
th

e
r co

n
stra

in
ts, in

clu
d

in
g

e
co

n
o

m
ic, p

o
litica

l, so
cia

l, e
th

ica
l, a

n
d

 a
e

sth
e

tic o
n

e
s, lim

it
choices.
A

ll technologies have effects other than those intended by the
d

e
sig

n
, so

m
e

 o
f w

h
ich

 m
a

y h
a

ve
 b

e
e

n
 p

re
d

icta
b

le
 a

n
d

 so
m

e
n

o
t. In

 e
ith

e
r ca

se
, th

e
se

 sid
e

 e
ffe

cts m
a

y tu
rn

 o
u

t to
 b

e
u

n
a

cce
p

ta
b

le
 to

 so
m

e
 o

f th
e

 p
o

p
u

la
tio

n
 a

n
d

 th
e

re
fo

re
 le

a
d

 to
conflict betw

een groups.
A

lm
o

st 
a

ll 
co

n
tro

l 
syste

m
s 

h
a

ve
 

in
p

u
ts, 

o
u

tp
u

ts, 
a

n
d

fe
e

d
b

a
ck. T

h
e

 e
sse

n
ce

 o
f co

n
tro

l is co
m

p
a

rin
g

 in
fo

rm
a

tio
n

a
b

o
u

t w
h

a
t is h

a
p

p
e

n
in

g
 to

 w
h

a
t p

e
o

p
le

 w
a

n
t to

 h
a

p
p

e
n

 a
n

d
th

e
n

 
m

a
kin

g
 

a
p

p
ro

p
ria

te
 

a
d

ju
stm

e
n

ts. 
T

h
is 

p
ro

ce
d

u
re
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re
q

u
ire

s 
se

n
sin

g
 

in
fo

rm
a

tio
n

, 
p

ro
ce

ssin
g

 
it, 

a
n

d
 

m
a

kin
g

ch
a

n
g

e
s. In

 a
lm

o
st a

ll m
o

d
e

rn
 m

a
ch

in
e

s, m
icro

p
ro

ce
sso

rs
serve as centers of perform

ance control.
S

yste
m

s fa
il b

e
ca

u
se

 th
e

y h
a

ve
 fa

u
lty o

r p
o

o
rly m

a
tch

e
d

parts, are used in w
ays that exceed w

hat w
as intended by the

d
e

sig
n

, o
r w

e
re

 p
o

o
rly d

e
sig

n
e

d
 to

 b
e

g
in

 w
ith

. T
h

e
 m

o
st

co
m

m
o

n
 w

a
ys to

 p
re

ve
n

t fa
ilu

re
 a

re
 p

re
te

stin
g

 p
a

rts a
n

d
procedures, overdesign, and redundancy.
Issu

es in
 T

ech
n

o
lo

g
y

T
h

e
 h

u
m

a
n

 a
b

ility to
 sh

a
p

e
 th

e
 fu

tu
re

 co
m

e
s fro

m
 a

 ca
p

a
city

fo
r 

g
e

n
e

ra
tin

g
 

k
n

o
w

le
d

g
e

 
a

n
d

 
d

e
v

e
lo

p
in

g
 

n
e

w
technologies—

and for com
m

unicating ideas to others.
X

X
X

X
X

X
X

X

T
e

ch
n

o
lo

g
y ca

n
n

o
t a

lw
a

ys p
ro

vid
e

 su
cce

ssfu
l so

lu
tio

n
s fo

r
problem

s or fulfill every hum
an need.

T
h

ro
u

g
h

o
u

t 
h

isto
ry, 

p
e

o
p

le
 

h
a

ve
 

ca
rrie

d
 

o
u

t 
im

p
re

ssive
technological feats, som

e of w
hich w

ould be hard to duplicate
today even w

ith m
odern tools. T

he purposes served by these
a

ch
ie

ve
m

e
n

ts h
a

ve
 so

m
e

tim
e

s b
e

e
n

 p
ra

ctica
l, so

m
e

tim
e

s
cerem

onial.
T

e
ch

n
o

lo
g

y h
a

s stro
n

g
ly in

flu
e

n
ce

d
 th

e
 co

u
rse

 o
f h

isto
ry a

n
d

co
n

tin
u

e
s to

 d
o

 so
. It is la

rg
e

ly re
sp

o
n

sib
le

 fo
r th

e
 g

re
a

t
re

vo
lu

tio
n

s 
in

 
a

g
ricu

ltu
re

, 
m

a
n

u
fa

ctu
rin

g
, 

sa
n

ita
tio

n
 

a
n

d
m

e
d

icin
e

, w
a

rfa
re

, tra
n

sp
o

rta
tio

n
, in

fo
rm

a
tio

n
 p

ro
ce

ssin
g

,
a

n
d

 co
m

m
u

n
ica

tio
n

s th
a

t h
a

ve
 ra

d
ica

lly ch
a

n
g

e
d

 h
o

w
 p

e
o

p
le

live.
N

e
w

 te
ch

n
o

lo
g

ie
s in

cre
a

se
 so

m
e

 risks a
n

d
 d

e
cre

a
se

 o
th

e
rs.

S
o

m
e

 o
f th

e
 sa

m
e

 te
ch

n
o

lo
g

ie
s th

a
t h

a
ve

 im
p

ro
ve

d
 th

e
le

n
g

th
 a

n
d

 q
u

a
lity o

f life
 fo

r m
a

n
y p

e
o

p
le

 h
a

ve
 a

lso
 b

ro
u

g
h

t
new

 risks.
R

arely are technology issues sim
ple and one-sided. R

elevant
fa

cts a
lo

n
e

, e
ve

n
 w

h
e

n
 kn

o
w

n
 a

n
d

 a
va

ila
b

le
, u

su
a

lly d
o

 n
o

t
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se
ttle

 m
a

tte
rs e

n
tire

ly in
 fa

vo
r o

f o
n

e
 sid

e
 o

r a
n

o
th

e
r. T

h
a

t is
b

e
ca

u
se

 th
e

 co
n

te
n

d
in

g
 g

ro
u

p
s m

a
y h

a
ve

 d
iffe

re
n

t va
lu

e
s

a
n

d
 p

rio
ritie

s. T
h

e
y m

a
y sta

n
d

 to
 g

a
in

 o
r lo

se
 in

 d
iffe

re
n

t
d

e
g

re
e

s, o
r m

a
y m

a
ke

 ve
ry d

iffe
re

n
t p

re
d

ictio
n

s a
b

o
u

t w
h

a
t

the future consequences of the proposed action w
ill be.

S
ocieties influence w

hat aspects of technology are developed
a

n
d

 h
o

w
 th

e
se

 a
re

 u
se

d
. P

e
o

p
le

 co
n

tro
l te

ch
n

o
lo

g
y (a

s w
e

ll
as science) and are responsible for its effects.

C
hapter 4

T
H

E
 P

H
Y

S
IC

A
L

 S
E

T
T

IN
G

T
h

e U
n

iverse
T

h
e

 su
n

 is a
 m

e
d

iu
m

-size
d

 sta
r lo

ca
te

d
 n

e
a

r th
e

 e
d

g
e

 o
f a

d
isk-sh

a
p

e
d

 g
a

la
xy o

f sta
rs, p

a
rt o

f w
h

ich
 ca

n
 b

e
 se

e
n

 a
s a

glow
ing band of light that spans the sky on a very clear night.

T
h

e
 u

n
ive

rse
 co

n
ta

in
s m

a
n

y b
illio

n
s o

f g
a

la
xie

s, a
n

d
 e

a
ch

g
a

la
xy co

n
ta

in
s m

a
n

y b
illio

n
s o

f sta
rs. T

o
 th

e
 n

a
ke

d
 e

ye
,

e
ve

n
 th

e
 clo

se
st o

f th
e

se
 g

a
la

xie
s is n

o
 m

o
re

 th
a

n
 a

 d
im

,
fuzzy spot.
T

h
e

 su
n

 is m
a

n
y th

o
u

sa
n

d
s o

f tim
e

s clo
se

r to
 th

e
 e

a
rth

 th
a

n
a

n
y o

th
e

r sta
r. L

ig
h

t fro
m

 th
e

 su
n

 ta
ke

s a
 fe

w
 m

in
u

te
s to

re
a

ch
 th

e
 e

a
rth

, b
u

t lig
h

t fro
m

 th
e

 n
e

xt n
e

a
re

st sta
r ta

ke
s a

few
 years to arrive. T

he trip to that star w
ould take the fastest

ro
cke

t th
o

u
sa

n
d

s o
f ye

a
rs. S

o
m

e
 d

ista
n

t g
a

la
xie

s a
re

 so
 fa

r
a

w
a

y th
a

t th
e

ir lig
h

t ta
ke

s se
ve

ra
l b

illio
n

 ye
a

rs to
 re

a
ch

 th
e

earth.  P
eople on earth, therefore, see them

 as they w
ere that

long ago in the past.
N

in
e

 p
la

n
e

ts o
f ve

ry d
iffe

re
n

t size
, co

m
p

o
sitio

n
, a

n
d

 su
rfa

ce
features m

ove around the sun in nearly circular orbits.  S
om

e
p

la
n

e
ts h

a
ve

 a
 g

re
a

t va
rie

ty o
f m

o
o

n
s a

n
d

 e
ve

n
 fla

t rin
g

s o
f

ro
ck a

n
d

 ice
 p

a
rticle

s o
rb

itin
g

 a
ro

u
n

d
 th

e
m

.  S
o

m
e

 o
f th

e
se
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p
la

n
e

ts a
n

d
 m

o
o

n
s sh

o
w

 e
vid

e
n

ce
 o

f g
e

o
lo

g
ic a

ctivity. T
h

e
e

a
rth

 is o
rb

ite
d

 b
y o

n
e

 m
o

o
n

, m
a

n
y a

rtificia
l sa

te
llite

s, a
n

d
debris.
Large num

bers of chunks of rock orbit the sun. S
om

e of those
th

a
t th

e
 e

a
rth

 m
e

e
ts in

 its ye
a

rly o
rb

it a
ro

u
n

d
 th

e
 su

n
 g

lo
w

a
n

d
 d

isin
te

g
ra

te
 fro

m
 frictio

n
 a

s th
e

y p
lu

n
g

e
 th

ro
u

g
h

 th
e

a
tm

o
sp

h
e

re
—

a
n

d
 

so
m

e
tim

e
s 

im
p

a
ct 

th
e

 
g

ro
u

n
d

. 
 

O
th

e
r

chunks of rocks m
ixed w

ith ice have
lo

n
g

, o
ff-ce

n
te

r o
rb

its th
a

t ca
rry th

e
m

 clo
se

 to
 th

e
 su

n
, w

h
e

re
th

e
 su

n
's ra

d
ia

tio
n

 (o
f lig

h
t a

n
d

 p
a

rticle
s) b

o
ils o

ff fro
ze

n
m

a
te

ria
l 

fro
m

 
th

e
ir 

su
rfa

ce
s 

a
n

d
 

p
u

sh
e

s 
it 

in
to

 
a

 
lo

n
g

,
illum

inated tail.
T

h
e E

arth
W

e
 live

 o
n

 a
 re

la
tive

ly sm
a

ll p
la

n
e

t, th
e

 th
ird

 fro
m

 th
e

 su
n

 in
th

e
 o

n
ly syste

m
 o

f p
la

n
e

ts d
e

fin
ite

ly kn
o

w
n

 to
 e

xist (a
lth

o
u

g
h

other, sim
ilar system

s m
ay be discovered in the universe).

T
h

e
 e

a
rth

 is m
o

stly ro
ck. T

h
re

e
-fo

u
rth

s o
f its su

rfa
ce

 is
co

ve
re

d
 b

y a
 re

la
tive

ly th
in

 la
ye

r o
f w

a
te

r (so
m

e
 o

f it fro
ze

n
),

and the entire planet is surrounded by a relatively thin blanket
of air. It is the only body in the solar system

 that appears able
to

 su
p

p
o

rt life
. T

h
e

 o
th

e
r p

la
n

e
ts h

a
ve

 co
m

p
o

sitio
n

s a
n

d
conditions very different from

 the earth's.

X
X

X

E
verything on or anyw

here near the earth is pulled tow
ard the

earth's center by gravitational force.
B

e
ca

u
se

 th
e

 e
a

rth
 tu

rn
s d

a
ily o

n
 a

n
 a

xis th
a

t is tilte
d

 re
la

tive
to

 
th

e
 

p
la

n
e

 
o

f 
th

e
 

e
a

rth
's 

ye
a

rly 
o

rb
it 

a
ro

u
n

d
 

th
e

 
su

n
,

su
n

lig
h

t fa
lls m

o
re

 in
te

n
se

ly o
n

 d
iffe

re
n

t p
a

rts o
f th

e
 e

a
rth

d
u

rin
g

 th
e

 ye
a

r. T
h

e
 d

iffe
re

n
ce

 in
 h

e
a

tin
g

 o
f th

e
 e

a
rth

's
surface produces the planet's seasons and w

eather patterns.

X
X

T
h

e
 m

o
o

n
's o

rb
it a

ro
u

n
d

 th
e

 e
a

rth
 o

n
ce

 in
 a

b
o

u
t 2

8
 d

a
ys

changes w
hat part of the m

oon is lighted by the sun and how
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m
u

ch
 o

f th
a

t p
a

rt ca
n

 b
e

 se
e

n
 fro

m
 th

e
 e

a
rth

—
th

e
 p

h
a

se
s o

f
the m

oon.
C

lim
a

te
s h

a
ve

 so
m

e
tim

e
s ch

a
n

g
e

d
 a

b
ru

p
tly in

 th
e

 p
a

st a
s a

re
su

lt 
o

f 
ch

a
n

g
e

s 
in

 
th

e
 

e
a

rth
' 

cru
st, 

su
ch

 
a

s 
vo

lca
n

ic
e

ru
p

tio
n

s 
o

r 
im

p
a

cts 
o

f 
h

u
g

e
 

ro
cks 

fro
m

 
sp

a
ce

. 
E

ve
n

re
la

tive
ly sm

a
ll ch

a
n

g
e

s in
 a

tm
o

sp
h

e
ric o

r o
ce

a
n

 co
n

te
n

t ca
n

h
a

ve
 w

id
e

sp
re

a
d

 e
ffe

cts o
n

 clim
a

te
 if th

e
 ch

a
n

g
e

 la
sts lo

n
g

enough.

X
X

T
h

e
 cyclin

g
 o

f w
a

te
r in

 a
n

d
 o

u
t o

f th
e

 a
tm

o
sp

h
e

re
 p

la
ys a

n
im

p
o

rta
n

t 
ro

le
 

in
 

d
e

te
rm

in
in

g
 

clim
a

tic 
p

a
tte

rn
s. 

W
a

te
r

e
va

p
o

ra
te

s fro
m

 th
e

 su
rfa

ce
 o

f th
e

 e
a

rth
, rise

s a
n

d
 co

o
ls,

co
n

d
e

n
se

s in
to

 ra
in

 o
r sn

o
w

, a
n

d
 fa

lls a
g

a
in

 to
 th

e
 su

rfa
ce

.
T

he w
ater falling on land collects in rivers and lakes, soil, and

p
o

ro
u

s la
ye

rs o
f ro

ck, a
n

d
 m

u
ch

 o
f it flo

w
s b

a
ck in

to
 th

e
ocean.

X
X

X

F
resh w

ater, lim
ited in supply, is essential for life and also for

m
o

st in
d

u
stria

l p
ro

ce
sse

s. R
ive

rs, la
ke

s, a
n

d
 g

ro
u

n
d

w
a

te
r

ca
n

 
b

e
 

d
e

p
le

te
d

 
o

r 
p

o
llu

te
d

, 
b

e
co

m
in

g
 

u
n

a
va

ila
b

le
 

o
r

unsuitable for life.

X
X

H
eat energy carried by ocean currents has a strong influence

on clim
ate around the w

orld.
X

X

S
o

m
e

 
m

in
e

ra
ls 

a
re

 
ve

ry 
ra

re
 

a
n

d
 

so
m

e
 

e
xist 

in
 

g
re

a
t

q
u

a
n

titie
s, b

u
t—

fo
r p

ra
ctica

l p
u

rp
o

se
s—

th
e

 a
b

ility to
 re

co
ve

r
them

 is just as im
portant as their abundance. A

s m
inerals are

d
e

p
le

te
d

, o
b

ta
in

in
g

 th
e

m
 b

e
co

m
e

s m
o

re
 d

ifficu
lt. R

e
cyclin

g
a

n
d

 th
e

 d
e

ve
lo

p
m

e
n

t o
f su

b
stitu

te
s ca

n
 re

d
u

ce
 th

e
 ra

te
 o

f
depletion but m

ay also be costly.

X

T
h

e
 b

e
n

e
fits o

f th
e

 e
a

rth
's re

so
u

rce
s—

su
ch

 a
s fre

sh
 w

a
te

r,
a

ir, so
il, a

n
d

 tre
e

s—
ca

n
 b

e
 re

d
u

ce
d

 b
y u

sin
g

 th
e

m
 w

a
ste

fu
lly

o
r 

b
y 

d
e

lib
e

ra
te

ly 
o

r 
in

a
d

ve
rte

n
tly 

d
e

stro
yin

g
 

th
e

m
. 

T
h

e
atm

osphere and the oceans have a lim
ited ca

pacity to absorb

X
X

X
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w
a

ste
s a

n
d

 re
cycle

 m
a

te
ria

ls n
a

tu
ra

lly. C
le

a
n

in
g

 u
p

 p
o

llu
te

d
a

ir, w
a

te
r, o

r so
il o

r re
sto

rin
g

 d
e

p
le

te
d

 so
il, fo

re
sts, o

r fish
in

g
grounds can be very difficult and costly.
P

ro
cesses T

h
at S

h
ap

e T
h

e E
arth

T
h

e
 in

te
rio

r o
f th

e
 e

a
rth

 is h
o

t. H
e

a
t flo

w
 a

n
d

 m
o

ve
m

e
n

t o
f

m
a

te
ria

l w
ith

in
 th

e
 e

a
rth

 ca
u

se
 e

a
rth

q
u

a
ke

s a
n

d
 vo

lca
n

ic
e

ru
p

tio
n

s a
n

d
 cre

a
te

 m
o

u
n

ta
in

s a
n

d
 o

ce
a

n
 b

a
sin

s. G
a

s a
n

d
dust from

 large volcanoes can change the atm
osphere.

X
X

S
o

m
e

 ch
a

n
g

e
s in

 th
e

 e
a

rth
's su

rfa
ce

 a
re

 a
b

ru
p

t (su
ch

 a
s

e
a

rth
q

u
a

ke
s a

n
d

 vo
lca

n
ic e

ru
p

tio
n

s) w
h

ile
 o

th
e

r ch
a

n
g

e
s

h
a

p
p

e
n

 ve
ry slo

w
ly (su

ch
 a

s u
p

lift a
n

d
 w

e
a

rin
g

 d
o

w
n

 o
f

m
o

u
n

ta
in

s). T
h

e
 e

a
rth

's su
rfa

ce
 is sh

a
p

e
d

 in
 p

a
rt b

y th
e

m
o

tio
n

 o
f w

a
te

r a
n

d
 w

in
d

 o
ve

r ve
ry lo

n
g

 tim
e

s, w
h

ich
 a

ct to
level m

ountain ranges.

X
X

S
e

d
im

e
n

ts 
o

f 
sa

n
d

 
a

n
d

 
sm

a
lle

r 
p

a
rticle

s 
(so

m
e

tim
e

s
co

n
ta

in
in

g
 th

e
 re

m
a

in
s o

f o
rg

a
n

ism
s) a

re
 g

ra
d

u
a

lly b
u

rie
d

a
n

d
 a

re
 ce

m
e

n
te

d
 to

g
e

th
e

r b
y d

isso
lve

d
 m

in
e

ra
ls to

 fo
rm

solid rock again.

X
X

S
e

d
im

e
n

ta
ry ro

ck b
u

rie
d

 d
e

e
p

 e
n

o
u

g
h

 m
a

y b
e

 re
fo

rm
e

d
 b

y
p

re
ssu

re
 a

n
d

 h
e

a
t, p

e
rh

a
p

s m
e

ltin
g

 a
n

d
 re

crysta
llizin

g
 in

to
d

iffe
re

n
t kin

d
s o

f ro
ck. T

h
e

se
 re

-fo
rm

e
d

 ro
ck la

ye
rs m

a
y b

e
forced up again to becom

e land surface and even m
ountains.

S
u

b
se

q
u

e
n

tly, 
th

is 
n

e
w

 
ro

ck 
to

o
 

w
ill 

e
ro

d
e

. 
R

o
ck 

b
e

a
rs

e
vid

e
n

ce
 

o
f 

th
e

 
m

in
e

ra
ls, 

te
m

p
e

ra
tu

re
s, 

a
n

d
 

fo
rce

s 
th

a
t

created it.

X
X

T
h

o
u

sa
n

d
s o

f la
ye

rs o
f se

d
im

e
n

ta
ry ro

ck co
n

firm
 th

e
 lo

n
g

history of the changing surface the earth and the changing life
fo

rm
s w

h
o

se
 re

m
a

in
s a

re
 fo

u
n

d
 in

 su
cce

ssive
 la

ye
rs. T

h
e

yo
u

n
g

e
st la

ye
rs a

re
 n

o
t a

lw
a

ys fo
u

n
d

 o
n

 to
p

, b
e

ca
u

se
 o

f
folding, breaking, and uplift of layers.

X
X

A
lth

o
u

g
h

 w
e

a
th

e
re

d
 ro

ck is th
e

 b
a

sic co
m

p
o

n
e

n
t o

f so
il, th

e
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co
m

p
o

sitio
n

 a
n

d
 te

xtu
re

 o
f so

il a
n

d
 its fe

rtility a
n

d
 re

sista
n

ce
to

 e
ro

sio
n

 a
re

 g
re

a
tly in

flu
e

n
ce

d
 b

y p
la

n
t ro

o
ts a

n
d

 d
e

b
ris,

bacteria, fungi, w
orm

s, insects, rodents, and other organism
s.

X

H
u

m
a

n
 a

ctivitie
s, su

ch
 a

s re
d

u
cin

g
 th

e
 a

m
o

u
n

t o
f fo

re
st

co
ve

r, 
in

cre
a

sin
g

 
th

e
 

a
m

o
u

n
t 

a
n

d
 

va
rie

ty 
o

f 
ch

e
m

ica
ls

re
le

a
se

d
 in

to
 th

e
 a

tm
o

sp
h

e
re

, a
n

d
 in

te
n

sive
 fa

rm
in

g
, h

a
ve

ch
a

n
g

e
d

 th
e

 e
a

rth
's la

n
d

, o
ce

a
n

s, a
n

d
 a

tm
o

sp
h

e
re

. S
o

m
e

 o
f

th
e

se
 

ch
a

n
g

e
s 

h
a

ve
 

d
e

cre
a

se
d

 
th

e
 

ca
p

a
city 

o
f 

th
e

environm
ent to support som

e life form
s.

X
X

X

S
tru

ctu
re o

f M
atter

A
ll m

atter is m
ade up of atom

s, w
hich are far too sm

all to see
d

ire
ctly th

ro
u

g
h

 a
 m

icro
sco

p
e

. T
h

e
 a

to
m

s o
f a

n
y e

le
m

e
n

t a
re

a
like

 b
u

t a
re

 d
iffe

re
n

t fro
m

 a
to

m
s o

f o
th

e
r e

le
m

e
n

ts. A
to

m
s

m
a

y 
stick 

to
g

e
th

e
r 

in
 

w
e

ll-d
e

fin
e

d
 

m
o

le
cu

le
s 

o
r 

m
a

y 
b

e
packed together in large arrays.
D

iffe
re

n
t a

rra
n

g
e

m
e

n
ts o

f a
to

m
s in

to
 g

ro
u

p
s co

m
p

o
se

 a
ll

substances.

X

E
q

u
a

l vo
lu

m
e

s o
f d

iffe
re

n
t su

b
sta

n
ce

s u
su

a
lly h

a
ve

 d
iffe

re
n

t
w

eights.
A

to
m

s a
n

d
 m

o
le

cu
le

s a
re

 p
e

rp
e

tu
a

lly in
 m

o
tio

n
. In

cre
a

se
d

te
m

p
e

ra
tu

re
 

m
e

a
n

s 
g

re
a

te
r 

a
ve

ra
g

e
 

e
n

e
rg

y, 
so

 
m

o
st

su
b

sta
n

ce
s e

xp
a

n
d

 w
h

e
n

 h
e

a
te

d
. In

 so
lid

s, th
e

 a
to

m
s a

re
clo

se
ly lo

cke
d

 in
 p

o
sitio

n
 a

n
d

 ca
n

 o
n

ly vib
ra

te
. In

 liq
u

id
s, th

e
a

to
m

s o
r m

o
le

cu
le

s h
a

ve
 h

ig
h

e
r e

n
e

rg
y, a

re
 m

o
re

 lo
o

se
ly

co
n

n
e

cte
d

, a
n

d
 ca

n
 slid

e
 p

a
st o

n
e

 a
n

o
th

e
r; so

m
e

 m
o

le
cu

le
s

m
a

y g
e

t e
n

o
u

g
h

 e
n

e
rg

y to
 e

sca
p

e
 in

to
 a

 g
a

s. In
 g

a
se

s, th
e

a
to

m
s o

r m
o

le
cu

le
s h

a
ve

 still m
o

re
 e

n
e

rg
y a

n
d

 a
re

 fre
e

 o
f

one another except during occasional collisions.
T

h
e

 te
m

p
e

ra
tu

re
 a

n
d

 a
cid

ity o
f a

 so
lu

tio
n

 in
flu

e
n

ce
 re

a
ctio

n
ra

te
s. M

a
n

y su
b

sta
n

ce
s d

isso
lve

 in
 w

a
te

r, w
h

ich
 m

a
y g

re
a

tly
facilitate reactions betw

een them
.

X
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S
cie

n
tific id

e
a

s a
b

o
u

t e
le

m
e

n
ts w

e
re

 b
o

rro
w

e
d

 fro
m

 so
m

e
G

re
e

k p
h

ilo
so

p
h

e
rs o

f 2
,0

0
0

 ye
a

rs e
a

rlie
r, w

h
o

 b
e

lie
ve

d
 th

a
t

e
ve

ryth
in

g
 w

a
s m

a
d

e
 fro

m
 fo

u
r b

a
sic su

b
sta

n
ce

s: a
ir, e

a
rth

,
fire, and w

ater. It w
as the com

binations of these "elem
ents" in

d
iffe

re
n

t 
p

ro
p

o
rtio

n
s 

th
a

t 
g

a
ve

 
o

th
e

r 
su

b
sta

n
ce

s 
th

e
ir

o
b

se
rva

b
le

 p
ro

p
e

rtie
s. T

h
e

 G
re

e
ks w

e
re

 w
ro

n
g

 a
b

o
u

t th
o

se
fo

u
r, 

b
u

t 
n

o
w

 
o

ve
r 

1
0

0
 

d
iffe

re
n

t 
e

le
m

e
n

ts 
h

a
ve

 
b

e
e

n
id

e
n

tifie
d

, 
so

m
e

 
ra

re
 

a
n

d
 

so
m

e
 

p
le

n
tifu

l, 
o

u
t 

o
f 

w
h

ich
e

ve
ryth

in
g

 is m
a

d
e

. B
e

ca
u

se
 m

o
st e

le
m

e
n

ts te
n

d
 to

 co
m

b
in

e
w

ith others, few
 elem

ents are found in their pure form
.

T
h

e
re

 a
re

 g
ro

u
p

s o
f e

le
m

e
n

ts th
a

t h
a

ve
 sim

ila
r p

ro
p

e
rtie

s,
in

clu
d

in
g

 h
ig

h
ly re

a
ctive

 m
e

ta
ls, le

ss re
a

ctive
 m

e
ta

ls, h
ig

h
ly

re
a

ctive
 n

o
n

m
e

ta
ls (su

ch
 a

s ch
lo

rin
e

, flu
o

rin
e

, a
n

d
 o

xyg
e

n
),

a
n

d
 so

m
e

 a
lm

o
st co

m
p

le
te

ly n
o

n
re

a
ctive

 g
a

se
s (su

ch
 a

s
h

e
liu

m
 a

n
d

 n
e

o
n

). A
n

 e
sp

e
cia

lly im
p

o
rta

n
t kin

d
 o

f re
a

ctio
n

b
e

tw
e

e
n

 su
b

sta
n

ce
s in

vo
lve

s co
m

b
in

a
tio

n
 o

f o
xyg

e
n

 w
ith

so
m

e
th

in
g

 e
lse

—
a

s in
 b

u
rn

in
g

 o
r ru

stin
g

. S
o

m
e

 e
le

m
e

n
ts

d
o

n
't fit in

to
 a

n
y o

f th
e

 ca
te

g
o

rie
s; a

m
o

n
g

 th
e

m
 a

re
 ca

rb
o

n
and hydrogen, essential elem

ents of living m
atter.

X

N
o

 m
a

tte
r h

o
w

 su
b

sta
n

ce
s w

ith
in

 a
 clo

se
d

 syste
m

 in
te

ra
ct

w
ith

 o
n

e
 a

n
o

th
e

r, o
r h

o
w

 th
e

y co
m

b
in

e
 o

r b
re

a
k a

p
a

rt, th
e

to
ta

l w
e

ig
h

t o
f th

e
 syste

m
 re

m
a

in
s th

e
 sa

m
e

. T
h

e
 id

e
a

 o
f

a
to

m
s e

xp
la

in
s th

e
 co

n
se

rva
tio

n
 o

f m
a

tte
r: If th

e
 n

u
m

b
e

r o
f

a
to

m
s sta

ys th
e

 sa
m

e
 n

o
 m

a
tte

r h
o

w
 th

e
y a

re
 re

a
rra

n
g

e
d

,
then their total m

ass stays the sam
e.

E
n

erg
y T

ran
sfo

rm
atio

n
s

E
n

e
rg

y ca
n

n
o

t b
e

 cre
a

te
d

 o
r d

e
stro

ye
d

, b
u

t o
n

ly ch
a

n
g

e
d

fro
m

 o
n

e
 fo

rm
 in

to
 a

n
o

th
e

r. E
n

e
rg

y ca
n

n
o

t b
e

 cre
a

te
d

 o
r

destroyed, but only changed from
 one form

 into another.
X

M
o

st o
f w

h
a

t g
o

e
s o

n
 in

 th
e

 u
n

ive
rse

—
fro

m
 e

xp
lo

d
in

g
 sta

rs
a

n
d

 b
io

lo
g

ica
l g

ro
w

th
 to

 th
e

 o
p

e
ra

tio
n

 o
f m

a
ch

in
e

s a
n

d
 th

e
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m
o

tio
n

 
o

f 
p

e
o

p
le

—
in

vo
lve

s 
so

m
e

 
fo

rm
 

o
f 

e
n

e
rg

y 
b

e
in

g
transform

ed into another. E
nergy in the form

 of heat is alm
ost

alw
ays one of the products of an energy transform

ation.

X

H
eat can be transferred through m

aterials by the collisions of
a

to
m

s o
r a

cro
ss sp

a
ce

 b
y ra

d
ia

tio
n

. If th
e

 m
a

te
ria

l is flu
id

,
currents w

ill be set up in it that aid the transfer of heat.
X

E
n

e
rg

y a
p

p
e

a
rs in

 d
iffe

re
n

t fo
rm

s. H
e

a
t e

n
e

rg
y is in

 th
e

d
iso

rd
e

rly m
o

tio
n

 o
f m

o
le

cu
le

s; ch
e

m
ica

l e
n

e
rg

y is in
 th

e
a

rra
n

g
e

m
e

n
t 

o
f 

a
to

m
s; 

m
e

ch
a

n
ica

l 
e

n
e

rg
y 

is 
in

 
m

o
vin

g
b

o
d

ie
s o

r in
 e

la
stica

lly d
isto

rte
d

 sh
a

p
e

s; g
ra

vita
tio

n
a

l e
n

e
rg

y
is in the separation of m

utually attracting m
asses.

X

M
o

tio
n

L
ig

h
t fro

m
 th

e
 su

n
 is m

a
d

e
 u

p
 o

f a
 m

ixtu
re

 o
f m

a
n

y d
iffe

re
n

t
co

lo
rs o

f lig
h

t, e
ve

n
 th

o
u

g
h

 to
 th

e
 e

ye
 th

e
 lig

h
t lo

o
ks a

lm
o

st
w

hite. O
ther things that give off or reflect light have a different

m
ix of colors.

S
o

m
e

th
in

g
 

ca
n

 
b

e
 

"se
e

n
" 

w
h

e
n

 
lig

h
t 

w
a

ve
s 

e
m

itte
d

 
o

r
re

fle
cte

d
 b

y it e
n

te
r th

e
 e

ye
—

ju
st a

s so
m

e
th

in
g

 ca
n

 b
e

"heard" w
hen sound w

aves from
 it enter the ear.

A
n

 u
n

b
a

la
n

ce
d

 fo
rce

 a
ctin

g
 o

n
 a

n
 o

b
je

ct ch
a

n
g

e
s its sp

e
e

d
o

r d
ire

ctio
n

 o
f m

o
tio

n
, o

r b
o

th
.  If th

e
 fo

rce
 a

cts to
w

a
rd

 a
single center, the object's path m

ay curve into an orbit around
the center.
V

ib
ra

tio
n

s in
 m

a
te

ria
ls se

t u
p

 w
a

ve
like

 d
istu

rb
a

n
ce

s th
a

t
sp

re
a

d
 a

w
a

y fro
m

 th
e

 so
u

rce
. S

o
u

n
d

 a
n

d
 e

a
rth

q
u

a
ke

 w
a

ve
s

a
re

 e
xa

m
p

le
s. T

h
e

se
 a

n
d

 o
th

e
r w

a
ve

s m
o

ve
 a

t d
iffe

re
n

t
speeds in different m

aterials.

X

H
u

m
a

n
 e

ye
s re

sp
o

n
d

 to
 o

n
ly a

 n
a

rro
w

 ra
n

g
e

 o
f w

a
ve

le
n

g
th

s
o

f 
e

le
ctro

m
a

g
n

e
tic 

ra
d

ia
tio

n
—

visib
le

 
lig

h
t. 

D
iffe

re
n

ce
s 

o
f

w
a

ve
le

n
g

th
 w

ith
in

 th
a

t ra
n

g
e

 a
re

 p
e

rce
ive

d
 a

s d
iffe

re
n

ce
s in

color.
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F
o

rces o
f N

atu
re

E
ve

ry o
b

je
ct e

xe
rts g

ra
vita

tio
n

a
l fo

rce
 o

n
 e

ve
ry o

th
e

r o
b

je
ct.

T
h

e
 fo

rce
 d

e
p

e
n

d
s o

n
 h

o
w

 m
u

ch
 m

a
ss th

e
 o

b
je

cts h
a

ve
 a

n
d

o
n

 h
o

w
 fa

r a
p

a
rt th

e
y a

re
. T

h
e

 fo
rce

 is h
a

rd
 to

 d
e

te
ct u

n
le

ss
at least one of the objects has a lot of m

ass.
T

h
e

 su
n

's g
ra

vita
tio

n
a

l p
u

ll h
o

ld
s th

e
 e

a
rth

 a
n

d
 o

th
e

r p
la

n
e

ts
in their orbits, just as the planets' gravitational pull keeps their
m

oons in orbit around them
.

E
le

ctric cu
rre

n
ts a

n
d

 m
a

g
n

e
ts ca

n
 e

xe
rt a

 fo
rce

 o
n

 e
a

ch
other.

C
hapter 5

T
H

E
 L

IV
IN

G
 E

N
V

IR
O

N
M

E
N

T
D

iversity o
f L

ife
O

n
e

 o
f th

e
 m

o
st g

e
n

e
ra

l d
istin

ctio
n

s a
m

o
n

g
 o

rg
a

n
ism

s is
b

e
tw

e
e

n
 p

la
n

ts, w
h

ich
 u

se
 su

n
lig

h
t to

 m
a

ke
 th

e
ir o

w
n

 fo
o

d
,

a
n

d
 a

n
im

a
ls, w

h
ich

 co
n

su
m

e
 e

n
e

rg
y-rich

 fo
o

d
s. S

o
m

e
 kin

d
s

o
f o

rg
a

n
ism

s, m
a

n
y o

f th
e

m
 m

icro
sco

p
ic, ca

n
n

o
t b

e
 n

e
a

tly
classified as either plants or anim

als.
A

n
im

a
ls a

n
d

 p
la

n
ts h

a
ve

 a
 g

re
a

t va
rie

ty o
f b

o
d

y p
la

n
s a

n
d

in
te

rn
a

l stru
ctu

re
s th

a
t co

n
trib

u
te

 to
 th

e
ir b

e
in

g
 a

b
le

 to
 m

a
ke

or find food and reproduce.
S

im
ilarities am

ong organism
s are found in internal anatom

ical
fe

a
tu

re
s, 

w
h

ich
 

ca
n

 
b

e
 

u
se

d
 

to
 

in
fe

r 
th

e
 

d
e

g
re

e
 

o
f

re
la

te
d

n
e

ss 
a

m
o

n
g

 
o

rg
a

n
ism

s. 
In

 
cla

ssifyin
g

 
o

rg
a

n
ism

s,
b

io
lo

g
ists co

n
sid

e
r d

e
ta

ils o
f in

te
rn

a
l a

n
d

 e
xte

rn
a

l stru
ctu

re
s

to be m
ore im

portant than behavior or general appearance.
F

o
r se

xu
a

lly re
p

ro
d

u
cin

g
 o

rg
a

n
ism

s, a
 sp

e
cie

s co
m

p
rise

s a
ll

o
rg

a
n

ism
s th

a
t ca

n
 m

a
te

 w
ith

 o
n

e
 a

n
o

th
e

r to
 p

ro
d

u
ce

 fe
rtile

offspring.
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A
ll o

rg
a

n
ism

s, in
clu

d
in

g
 th

e
 h

u
m

a
n

 sp
e

cie
s, a

re
 p

a
rt o

f a
n

d
d

e
p

e
n

d
 o

n
 tw

o
 m

a
in

 in
te

rco
n

n
e

cte
d

 g
lo

b
a

l fo
o

d
 w

e
b

s. O
n

e
in

clu
d

e
s m

icro
sco

p
ic o

ce
a

n
 p

la
n

ts, th
e

 a
n

im
a

ls th
a

t fe
e

d
 o

n
them

, and finally the anim
als that feed on those anim

als. T
he

o
th

e
r w

e
b

 in
clu

d
e

s la
n

d
 p

la
n

ts, th
e

 a
n

im
a

ls th
a

t fe
e

d
 o

n
th

e
m

, a
n

d
 so

 fo
rth

. T
h

e
 cycle

s co
n

tin
u

e
 in

d
e

fin
ite

ly b
e

ca
u

se
o

rg
a

n
ism

s d
e

co
m

p
o

se
 a

fte
r d

e
a

th
 to

 re
tu

rn
 fo

o
d

 m
a

te
ria

l to
the environm

ent.

X

H
ered

ity
In som

e kinds of organism
s, all the genes com

e from
 a single

p
a

re
n

t, w
h

e
re

a
s in

 o
rg

a
n

ism
s th

a
t h

a
ve

 se
xe

s, typ
ica

lly h
a

lf
of the genes com

e from
 each parent.

In sexual reproduction, a single specialized cell from
 a fem

ale
m

e
rg

e
s w

ith
 a

 sp
e

cia
lize

d
 ce

ll fro
m

 a
 m

a
le

. A
s th

e
 fe

rtilize
d

e
g

g
, ca

rryin
g

 g
e

n
e

tic in
fo

rm
a

tio
n

 fro
m

 e
a

ch
 p

a
re

n
t, m

u
ltip

lie
s

to
 fo

rm
 th

e
 co

m
p

le
te

 o
rg

a
n

ism
 w

ith
 a

b
o

u
t a

 trillio
n

 ce
lls, th

e
sam

e genetic inform
ation is copied in each cell.

N
e

w
 va

rie
tie

s o
f cu

ltiva
te

d
 p

la
n

ts a
n

d
 d

o
m

e
stic a

n
im

a
ls h

a
ve

resulted from
 selective breeding for particular traits.

C
ells

A
ll livin

g
 th

in
g

s a
re

 co
m

p
o

se
d

 o
f ce

lls, fro
m

 ju
st o

n
e

 to
 m

a
n

y
m

illio
n

s, w
h

o
se

 d
e

ta
ils u

su
a

lly a
re

 visib
le

 o
n

ly th
ro

u
g

h
 a

m
icro

sco
p

e
. D

iffe
re

n
t b

o
d

y tissu
e

s a
n

d
 o

rg
a

n
s a

re
 m

a
d

e
 u

p
o

f d
iffe

re
n

t kin
d

s o
f ce

lls. T
h

e
 ce

lls in
 sim

ila
r tissu

e
s a

n
d

o
rg

a
n

s in
 o

th
e

r a
n

im
a

ls a
re

 sim
ila

r to
 th

o
se

 in
 h

u
m

a
n

 b
e

in
g

s
but differ som

ew
hat from

 cells found in plants. A
ll living things

are com
posed of cells, from

 just one to m
any m

illions, w
hose

d
e

ta
ils 

u
su

a
lly 

a
re

 
visib

le
 

o
n

ly 
th

ro
u

g
h

 
a

 
m

icro
sco

p
e

.
D

iffe
re

n
t b

o
d

y tissu
e

s a
n

d
 o

rg
a

n
s a

re
 m

a
d

e
 u

p
 o

f d
iffe

re
n

t
kin

d
s o

f ce
lls. T

h
e

 ce
lls in

 sim
ila

r tissu
e

s a
n

d
 o

rg
a

n
s in

 o
th

e
r

a
n

im
a

ls 
a

re
 

sim
ila

r 
to

 
th

o
se

 
in

 
h

u
m

a
n

 
b

e
in

g
s 

b
u

t 
d

iffe
r
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som
ew

hat from
 cells found in plants.

C
e

lls re
p

e
a

te
d

ly d
ivid

e
 to

 m
a

ke
 m

o
re

 ce
lls fo

r g
ro

w
th

 a
n

d
re

p
a

ir. V
a

rio
u

s o
rg

a
n

s a
n

d
 tissu

e
s fu

n
ctio

n
 to

 se
rve

 th
e

needs of cells for food, air, and w
aste rem

oval.
C

e
lls re

p
e

a
te

d
ly d

ivid
e

 to
 m

a
ke

 m
o

re
 ce

lls fo
r g

ro
w

th
 a

n
d

re
p

a
ir. V

a
rio

u
s o

rg
a

n
s a

n
d

 tissu
e

s fu
n

ctio
n

 to
 se

rve
 th

e
needs of cells for food, air, and w

aste rem
oval.

A
b

o
u

t tw
o

 th
ird

s o
f th

e
 w

e
ig

h
t o

f ce
lls is a

cco
u

n
te

d
 fo

r b
y

w
ater, w

hich gives cells m
any of their properties.

In
terd

ep
en

d
en

ce o
f L

ife
In

 
a

ll 
e

n
viro

n
m

e
n

ts—
fre

sh
w

a
te

r, 
m

a
rin

e
, 

fo
re

st, 
d

e
se

rt,
g

ra
ssla

n
d

, 
m

o
u

n
ta

in
, 

a
n

d
 

o
th

e
rs—

o
rg

a
n

ism
s 

w
ith

 
sim

ila
r

needs m
ay com

pete w
ith one another for resources, including

fo
o

d
, 

sp
a

ce
, 

w
a

te
r, 

a
ir, 

a
n

d
 

sh
e

lte
r. 

In
 

a
n

y 
p

a
rticu

la
r

environm
ent, the grow

th and survival of organism
s depend on

the physical conditions.

X

T
w

o
 typ

e
s o

f o
rg

a
n

ism
s m

a
y in

te
ra

ct w
ith

 o
n

e
 a

n
o

th
e

r in
se

ve
ra

l 
w

a
ys: 

T
h

e
y 

m
a

y 
b

e
 

in
 

a
 

p
ro

d
u

ce
r/co

n
su

m
e

r,
p

re
d

a
to

r/p
re

y, o
r p

a
ra

site
/h

o
st re

la
tio

n
sh

ip
. O

r o
n

e
 o

rg
a

n
ism

m
a

y sca
ve

n
g

e
 o

r d
e

co
m

p
o

se
 a

n
o

th
e

r. R
e

la
tio

n
sh

ip
s m

a
y b

e
co

m
p

e
titive

 
o

r 
m

u
tu

a
lly 

b
e

n
e

ficia
l. 

S
o

m
e

 
sp

e
cie

s 
h

a
ve

b
e

co
m

e
 so

 a
d

a
p

te
d

 to
 e

a
ch

 o
th

e
r th

a
t n

e
ith

e
r co

u
ld

 su
rvive

w
ithout the other.

F
lo

w
 o

f  M
atter an

d
 E

n
erg

y
F

o
o

d
 p

ro
vid

e
s m

o
le

cu
le

s th
a

t se
rve

 a
s fu

e
l a

n
d

 b
u

ild
in

g
m

a
te

ria
l fo

r a
ll o

rg
a

n
ism

s. P
la

n
ts u

se
 th

e
 e

n
e

rg
y in

 lig
h

t to
m

a
ke

 su
g

a
rs o

u
t o

f ca
rb

o
n

 d
io

xid
e

 a
n

d
 w

a
te

r. T
h

is fo
o

d
 ca

n
b

e
 u

se
d

 im
m

e
d

ia
te

ly fo
r fu

e
l o

r m
a

te
ria

ls o
r it m

a
y b

e
 sto

re
d

fo
r la

te
r u

se
. O

rg
a

n
ism

s th
a

t e
a

t p
la

n
ts b

re
a

k d
o

w
n

 th
e

 p
la

n
t

stru
ctu

re
s to

 p
ro

d
u

ce
 th

e
 m

a
te

ria
ls a

n
d

 e
n

e
rg

y th
e

y n
e

e
d

 to
survive. T

hen they are consum
ed by other organism

s.
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O
ve

r a
 lo

n
g

 tim
e

, m
a

tte
r is tra

n
sfe

rre
d

 fro
m

 o
n

e
 o

rg
a

n
ism

 to
another repeatedly and betw

een organism
s and their physical

e
n

viro
n

m
e

n
t. A

s in
 a

ll m
a

te
ria

l syste
m

s, th
e

 to
ta

l a
m

o
u

n
t o

f
m

a
tte

r re
m

a
in

s co
n

sta
n

t, e
ve

n
 th

o
u

g
h

 its fo
rm

 a
n

d
 lo

ca
tio

n
change.
E

n
e

rg
y ca

n
 ch

a
n

g
e

 fro
m

 o
n

e
 fo

rm
 to

 a
n

o
th

e
r in

 livin
g

 th
in

g
s.

A
n

im
a

ls g
e

t e
n

e
rg

y fro
m

 o
xid

izin
g

 th
e

ir fo
o

d
, re

le
a

sin
g

 so
m

e
o

f its e
n

e
rg

y a
s h

e
a

t. A
lm

o
st a

ll fo
o

d
 e

n
e

rg
y co

m
e

s o
rig

in
a

lly
from

 sunlight.
E

vo
lu

tio
n

 o
f L

ife
S

m
a

ll 
d

iffe
re

n
ce

s 
b

e
tw

e
e

n
 

p
a

re
n

ts 
a

n
d

 
o

ffsp
rin

g
 

ca
n

a
ccu

m
u

la
te

 
(th

ro
u

g
h

 
se

le
ctive

 
b

re
e

d
in

g
) 

in
 

su
cce

ssive
g

e
n

e
ra

tio
n

s so
 th

a
t d

e
sce

n
d

a
n

ts a
re

 ve
ry d

iffe
re

n
t fro

m
 th

e
ir

ancestors.
In

d
ivid

u
a

l o
rg

a
n

ism
s w

ith
 ce

rta
in

 tra
its a

re
 m

o
re

 like
ly th

a
n

o
th

e
rs 

to
 

su
rvive

 
a

n
d

 
h

a
ve

 
o

ffsp
rin

g
. 

C
h

a
n

g
e

s 
in

e
n

viro
n

m
e

n
ta

l co
n

d
itio

n
s ca

n
 a

ffe
ct th

e
 su

rviva
l o

f in
d

ivid
u

a
l

organism
s and entire species.

M
a

n
y 

th
o

u
sa

n
d

s 
o

f 
la

ye
rs 

o
f 

se
d

im
e

n
ta

ry 
ro

ck 
p

ro
vid

e
e

vid
e

n
ce

 fo
r th

e
 lo

n
g

 h
isto

ry o
f th

e
 e

a
rth

 a
n

d
 fo

r th
e

 lo
n

g
history of changing life form

s w
hose rem

ains are found in the
ro

cks. M
o

re
 re

ce
n

tly d
e

p
o

site
d

 ro
ck la

ye
rs a

re
 m

o
re

 like
ly to

contain fossils resem
bling existing species.

X

C
hapter 6

T
H

E
 H

U
M

A
N

 O
R

G
A

N
IS

M
H

u
m

an
 Id

en
tity

L
ike

 o
th

e
r a

n
im

a
ls, h

u
m

a
n

 b
e

in
g

s h
a

ve
 b

o
d

y syste
m

s fo
r

o
b

ta
in

in
g

 a
n

d
 p

ro
vid

in
g

 e
n

e
rg

y, d
e

fe
n

se
, re

p
ro

d
u

ctio
n

, a
n

d
the coordination of body functions.
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H
u

m
a

n
 b

e
in

g
s h

a
ve

 m
a

n
y sim

ila
ritie

s a
n

d
 d

iffe
re

n
ce

s. T
h

e
sim

ila
ritie

s m
a

ke
 it p

o
ssib

le
 fo

r h
u

m
a

n
 b

e
in

g
s to

 re
p

ro
d

u
ce

and to donate blood and organs to one another throughout the
w

o
rld

. T
h

e
ir d

iffe
re

n
ce

s e
n

a
b

le
 th

e
m

 to
 cre

a
te

 d
ive

rse
 so

cia
l

a
n

d
 cu

ltu
ra

l a
rra

n
g

e
m

e
n

ts a
n

d
 to

 so
lve

 p
ro

b
le

m
s in

 a
 va

rie
ty

of w
ays.

F
o

ssil e
vid

e
n

ce
 is co

n
siste

n
t w

ith
 th

e
 id

e
a

 th
a

t h
u

m
a

n
 b

e
in

g
s

evolved from
 earlier species.

S
p

e
cia

lize
d

 
ro

le
s 

o
f 

in
d

ivid
u

a
ls 

w
ith

in
 

o
th

e
r 

sp
e

cie
s 

a
re

g
e

n
e

tica
lly p

ro
g

ra
m

m
e

d
, w

h
e

re
a

s h
u

m
a

n
 b

e
in

g
s a

re
 a

b
le

 to
invent and m

odify a w
ider range of social behavior.

H
u

m
a

n
 b

e
in

g
s u

se
 te

ch
n

o
lo

g
y to

 m
a

tch
 o

r e
xce

l m
a

n
y o

f th
e

a
b

ilitie
s o

f o
th

e
r sp

e
cie

s. T
e

ch
n

o
lo

g
y h

a
s h

e
lp

e
d

 p
e

o
p

le
 w

ith
disabilities survive and live m

ore conventional lives.
T

e
ch

n
o

lo
g

ie
s h

a
vin

g
 to

 d
o

 w
ith

 fo
o

d
 p

ro
d

u
ctio

n
, sa

n
ita

tio
n

,
a

n
d

 
d

ise
a

se
 

p
re

ve
n

tio
n

 
h

a
ve

 
d

ra
m

a
tica

lly 
ch

a
n

g
e

d
 

h
o

w
p

e
o

p
le

 live
 a

n
d

 w
o

rk a
n

d
 h

a
ve

 re
su

lte
d

 in
 ra

p
id

 in
cre

a
se

s in
the hum

an population.
H

u
m

an
 D

evelo
p

m
en

t
F

e
rtiliza

tio
n

 o
ccu

rs w
h

e
n

 sp
e

rm
 ce

lls fro
m

 a
 m

a
le

's te
ste

s a
re

d
e

p
o

site
d

 n
e

a
r a

n
 e

g
g

 ce
ll fro

m
 th

e
 fe

m
a

le
 o

va
ry, a

n
d

 o
n

e
 o

f
th

e
 sp

e
rm

 ce
lls e

n
te

rs th
e

 e
g

g
 ce

ll. M
o

st o
f th

e
 tim

e
, b

y
ch

a
n

ce
 o

r d
e

sig
n

, a
 sp

e
rm

 n
e

ve
r a

rrive
s o

r a
n

 e
g

g
 isn

't
available.
C

o
n

tra
ce

p
tio

n
 m

e
a

su
re

s m
a

y in
ca

p
a

cita
te

 sp
e

rm
, b

lo
ck th

e
ir

w
a

y to
 th

e
 e

g
g

, p
re

ve
n

t th
e

 re
le

a
se

 o
f e

g
g

s, o
r p

re
ve

n
t th

e
fertilized egg from

 im
planting successfully.

F
o

llo
w

in
g

 fe
rtiliza

tio
n

, ce
ll d

ivisio
n

 p
ro

d
u

ce
s a

 sm
a

ll clu
ste

r o
f

cells that then differentiate by appearance and function to form
th

e
 b

a
sic tissu

e
s o

f a
n

 e
m

b
ryo

. D
u

rin
g

 th
e

 first th
re

e
 m

o
n

th
s

o
f p

re
g

n
a

n
cy, o

rg
a

n
s b

e
g

in
 to

 fo
rm

. D
u

rin
g

 th
e

 se
co

n
d

 th
re

e
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m
o

n
th

s, a
ll o

rg
a

n
s a

n
d

 b
o

d
y fe

a
tu

re
s d

e
ve

lo
p

. D
u

rin
g

 th
e

 la
st

th
re

e
 m

o
n

th
s, th

e
 o

rg
a

n
s a

n
d

 fe
a

tu
re

s m
a

tu
re

 e
n

o
u

g
h

 to
fu

n
ctio

n
 w

e
ll a

fte
r b

irth
. P

a
tte

rn
s o

f h
u

m
a

n
 d

e
ve

lo
p

m
e

n
t a

re
sim

ilar to those of other vertebrates.
T

h
e

 
d

e
v

e
lo

p
in

g
 

e
m

b
ry

o
—

a
n

d
 

la
te

r 
th

e
 

n
e

w
b

o
rn

in
fa

n
t—

e
n

co
u

n
te

rs m
a

n
y risks fro

m
 fa

u
lts in

 its g
e

n
e

s, its
m

o
th

e
r's in

a
d

e
q

u
a

te
 d

ie
t, h

e
r cig

a
re

tte
 sm

o
kin

g
 o

r u
se

 o
f

alcohol or other drugs, or from
 infection. Inadequate child care

m
ay lead to low

er physical and m
ental ability.

V
arious body changes occur as adults age. M

uscles and joints
b

e
co

m
e

 le
ss fle

xib
le

, b
o

n
e

s a
n

d
 m

u
scle

s lo
se

 m
a

ss, e
n

e
rg

y
le

ve
ls d

im
in

ish
, a

n
d

 th
e

 se
n

se
s b

e
co

m
e

 le
ss a

cu
te

. W
o

m
e

n
sto

p
 re

le
a

sin
g

 e
g

g
s a

n
d

 h
e

n
ce

 ca
n

 n
o

 lo
n

g
e

r re
p

ro
d

u
ce

. T
h

e
le

n
g

th
 

a
n

d
 

q
u

a
lity 

o
f 

h
u

m
a

n
 

life
 

a
re

 
in

flu
e

n
ce

d
 

b
y 

m
a

n
y

fa
cto

rs, in
clu

d
in

g
 sa

n
ita

tio
n

, d
ie

t, m
e

d
ica

l ca
re

, se
x, g

e
n

e
s,

environm
ental conditions, and personal health behaviors.

B
asic F

u
n

ctio
n

s
O

rg
a

n
s a

n
d

 o
rg

a
n

 syste
m

s a
re

 co
m

p
o

se
d

 o
f ce

lls a
n

d
 h

e
lp

 to
provide all cells w

ith basic needs.
F

or the body to use food for energy and building m
aterials, the

fo
o

d
 m

u
st first b

e
 d

ig
e

ste
d

 in
to

 m
o

le
cu

le
s th

a
t a

re
 a

b
so

rb
e

d
and transported to cells.
T

o
 b

u
rn

 fo
o

d
 fo

r th
e

 re
le

a
se

 o
f e

n
e

rg
y sto

re
d

 in
 it, o

xyg
e

n
m

ust be supplied to cells, and carbon dioxide rem
oved. Lungs

ta
ke

 in
 o

xyg
e

n
 fo

r th
e

 co
m

b
u

stio
n

 o
f fo

o
d

 a
n

d
 th

e
y e

lim
in

a
te

th
e

 ca
rb

o
n

 d
io

xid
e

 p
ro

d
u

ce
d

. T
h

e
 u

rin
a

ry syste
m

 d
isp

o
se

s o
f

d
isso

lve
d

 w
a

ste
 m

o
le

cu
le

s, th
e

 in
te

stin
a

l tra
ct re

m
o

ve
s so

lid
w

a
ste

s, a
n

d
 th

e
 skin

 a
n

d
 lu

n
g

s rid
 th

e
 b

o
d

y o
f h

e
a

t e
n

e
rg

y.
T

h
e

 circu
la

to
ry syste

m
 m

o
ve

s a
ll th

e
se

 su
b

sta
n

ce
s to

 o
r fro

m
ce

lls 
w

h
e

re
 

th
e

y 
a

re
 

n
e

e
d

e
d

 
o

r 
p

ro
d

u
ce

d
, 

re
sp

o
n

d
in

g
 

to
changing dem

ands.
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S
p

e
cia

lize
d

 ce
lls a

n
d

 th
e

 m
o

le
cu

le
s th

e
y p

ro
d

u
ce

 id
e

n
tify a

n
d

destroy m
icrobes that get inside the body.

H
o

rm
o

n
e

s a
re

 ch
e

m
ica

ls fro
m

 g
la

n
d

s th
a

t a
ffe

ct o
th

e
r b

o
d

y
p

a
rts. 

T
h

e
y 

a
re

 
in

vo
lve

d
 

in
 

h
e

lp
in

g
 

th
e

 
b

o
d

y 
re

sp
o

n
d

 
to

d
a

n
g

e
r a

n
d

 in
 re

g
u

la
tin

g
 h

u
m

a
n

 g
ro

w
th

, d
e

ve
lo

p
m

e
n

t, a
n

d
reproduction.
In

te
ra

ctio
n

s 
a

m
o

n
g

 
th

e
 

se
n

se
s, 

n
e

rve
s, 

a
n

d
 

b
ra

in
 

m
a

ke
p

o
ssib

le
 th

e
 le

a
rn

in
g

 th
a

t e
n

a
b

le
s h

u
m

a
n

 b
e

in
g

s to
 co

p
e

 w
ith

changes in their environm
ent.

L
earn

in
g

S
o

m
e

 a
n

im
a

l sp
e

cie
s a

re
 lim

ite
d

 to
 a

 re
p

e
rto

ire
 o

f g
e

n
e

tica
lly

d
e

te
rm

in
e

d
 b

e
h

a
vio

rs; o
th

e
rs h

a
ve

 m
o

re
 co

m
p

le
x b

ra
in

s a
n

d
ca

n
 le

a
rn

 a
 w

id
e

 va
rie

ty o
f b

e
h

a
vio

rs. A
ll b

e
h

a
vio

r is a
ffe

cte
d

by both inheritance and experience.
T

h
e

 le
ve

l o
f skill a

 p
e

rso
n

 ca
n

 re
a

ch
 in

 a
n

y p
a

rticu
la

r a
ctivity

d
e

p
e

n
d

s o
n

 in
n

a
te

 a
b

ilitie
s, th

e
 a

m
o

u
n

t o
f p

ra
ctice

, a
n

d
 th

e
use of appropriate learning technologies.
H

u
m

a
n

 b
e

in
g

s ca
n

 d
e

te
ct a

 tre
m

e
n

d
o

u
s ra

n
g

e
 o

f visu
a

l a
n

d
o

lfa
cto

ry stim
u

li. T
h

e
 stro

n
g

e
st stim

u
lu

s th
e

y ca
n

 to
le

ra
te

 m
a

y
b

e
 m

o
re

 th
a

n
 a

 trillio
n

 tim
e

s a
s in

te
n

se
 a

s th
e

 w
e

a
ke

st th
e

y
ca

n
 d

e
te

ct. S
till, th

e
re

 a
re

 m
a

n
y kin

d
s o

f sig
n

a
ls in

 th
e

 w
o

rld
that people cannot detect directly.
A

tte
n

d
in

g
 clo

se
ly to

 a
n

y o
n

e
 in

p
u

t o
f in

fo
rm

a
tio

n
 u

su
a

lly
reduces the ability to attend to others at the sam

e tim
e.

L
e

a
rn

in
g

 
o

fte
n

 
re

su
lts 

fro
m

 
tw

o
 

p
e

rce
p

tio
n

s 
o

r 
a

ctio
n

s
o

ccu
rrin

g
 a

t a
b

o
u

t th
e

 sa
m

e
 tim

e
. T

h
e

 m
o

re
 o

fte
n

 th
e

 sa
m

e
co

m
b

in
a

tio
n

 
o

ccu
rs, 

th
e

 
stro

n
g

e
r 

th
e

 
m

e
n

ta
l 

co
n

n
e

ctio
n

b
e

tw
e

e
n

 th
e

m
 is like

ly to
 b

e
. O

cca
sio

n
a

lly a
 sin

g
le

 vivid
e

xp
e

rie
n

ce
 w

ill co
n

n
e

ct tw
o

 th
in

g
s p

e
rm

a
n

e
n

tly in
 p

e
o

p
le

's
m

inds.
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L
a

n
g

u
a

g
e

 
a

n
d

 
to

o
ls 

e
n

a
b

le
 

h
u

m
a

n
 

b
e

in
g

s 
to

 
le

a
rn

com
plicated and varied things from

 others.
P

h
ysical H

ealth
T

he am
ount of food energy (calories) a person requires varies

w
ith

 b
o

d
y w

e
ig

h
t, a

g
e

, se
x, a

ctivity le
ve

l, a
n

d
 n

a
tu

ra
l b

o
d

y
e

fficie
n

cy. R
e

g
u

la
r e

xe
rcise

 is im
p

o
rta

n
t to

 m
a

in
ta

in
 a

 h
e

a
lth

y
heart/lung system

, good m
uscle tone, and bone strength.

T
o

xic su
b

sta
n

ce
s, so

m
e

 d
ie

ta
ry h

a
b

its, a
n

d
 p

e
rso

n
a

l b
e

h
a

vio
r

m
a

y b
e

 b
a

d
 fo

r o
n

e
's h

e
a

lth
. S

o
m

e
 e

ffe
cts sh

o
w

 u
p

 rig
h

t
a

w
a

y, o
th

e
rs m

a
y n

o
t sh

o
w

 u
p

 fo
r m

a
n

y ye
a

rs. A
vo

id
in

g
 to

xic
su

b
sta

n
ce

s, su
ch

 a
s to

b
a

cco
, a

n
d

 ch
a

n
g

in
g

 d
ie

ta
ry h

a
b

its to
re

d
u

ce
 th

e
 in

ta
ke

 o
f su

ch
 th

in
g

s a
s a

n
im

a
l fa

t in
cre

a
se

s th
e

chances of living longer.
V

iru
se

s, b
a

cte
ria

, fu
n

g
i, a

n
d

 p
a

ra
site

s m
a

y in
fe

ct th
e

 h
u

m
a

n
b

o
d

y a
n

d
 in

te
rfe

re
 w

ith
 n

o
rm

a
l b

o
d

y fu
n

ctio
n

s. A
 p

e
rso

n
 ca

n
ca

tch
 a

 co
ld

 m
a

n
y tim

e
s b

e
ca

u
se

 th
e

re
 a

re
 m

a
n

y va
rie

tie
s o

f
cold viruses that cause sim

ilar sym
ptom

s.
W

h
ite

 b
lo

o
d

 ce
lls e

n
g

u
lf in

va
d

e
rs o

r p
ro

d
u

ce
 a

n
tib

o
d

ie
s th

a
t

a
tta

ck th
e

m
 o

r m
a

rk th
e

m
 fo

r killin
g

 b
y o

th
e

r w
h

ite
 ce

lls. T
h

e
a

n
tib

o
d

ie
s p

ro
d

u
ce

d
 w

ill re
m

a
in

 a
n

d
 ca

n
 fig

h
t o

ff su
b

se
q

u
e

n
t

invaders of the sam
e kind.

T
h

e
 e

n
viro

n
m

e
n

t m
a

y co
n

ta
in

 d
a

n
g

e
ro

u
s le

ve
ls o

f su
b

sta
n

ce
s

th
a

t a
re

 h
a

rm
fu

l to
 h

u
m

a
n

 b
e

in
g

s. T
h

e
re

fo
re

, th
e

 g
o

o
d

 h
e

a
lth

o
f in

d
ivid

u
a

ls re
q

u
ire

s m
o

n
ito

rin
g

 th
e

 so
il, a

ir, a
n

d
 w

a
te

r a
n

d
taking steps to keep them

 safe.

X
X

M
en

tal H
ealth

In
d

ivid
u

a
ls d

iffe
r g

re
a

tly in
 th

e
ir a

b
ility to

 co
p

e
 w

ith
 stre

ssfu
l

situ
a

tio
n

s. B
o

th
 e

xte
rn

a
l a

n
d

 in
te

rn
a

l co
n

d
itio

n
s (ch

e
m

istry,
personal history, values) influence how

 people behave.
O

fte
n

 p
e

o
p

le
 re

a
ct to

 m
e

n
ta

l d
istre

ss b
y d

e
n

yin
g

 th
a

t th
e

y
h

a
ve

 a
n

y p
ro

b
le

m
. S

o
m

e
tim

e
s th

e
y d

o
n

't kn
o

w
 w

h
y th

e
y fe

e
l
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th
e

 w
a

y th
e

y d
o

, b
u

t w
ith

 h
e

lp
 th

e
y ca

n
 so

m
e

tim
e

s u
n

co
ve

r
the reasons.

C
hapter 7

H
U

M
A

N
 S

O
C

IE
T

Y
C

u
ltu

ral E
ffects o

n
 B

eh
avio

r
E

a
ch

 
cu

ltu
re

 
h

a
s 

d
istin

ctive
 

p
a

tte
rn

s 
o

f 
b

e
h

a
vio

r, 
u

su
a

lly
practiced by m

ost of the people w
ho grow

 up in it.
W

ith
in

 
a

 
la

rg
e

 
so

cie
ty, 

th
e

re
 

m
a

y 
b

e
 

m
a

n
y 

g
ro

u
p

s, 
w

ith
d

istin
ctly d

iffe
re

n
t su

b
cu

ltu
re

s a
sso

cia
te

d
 w

ith
 re

g
io

n
, e

th
n

ic
origin, or social class.
A

lth
o

u
g

h
 w

ith
in

 a
n

y so
cie

ty th
e

re
 is u

su
a

lly b
ro

a
d

 g
e

n
e

ra
l

a
g

re
e

m
e

n
t o

n
 w

h
a

t b
e

h
a

vio
r is u

n
a

cce
p

ta
b

le
, th

e
 sta

n
d

a
rd

s
u

se
d

 to
 ju

d
g

e
 b

e
h

a
vio

r va
ry fo

r d
iffe

re
n

t se
ttin

g
s a

n
d

 d
iffe

re
n

t
su

b
g

ro
u

p
s, a

n
d

 th
e

y m
a

y ch
a

n
g

e
 w

ith
 tim

e
 a

n
d

 d
iffe

re
n

t
p

o
litica

l a
n

d
 e

co
n

o
m

ic co
n

d
itio

n
s. M

o
re

o
ve

r, th
e

 p
u

n
ish

m
e

n
ts

vary w
idely am

ong, and even w
ithin, different societies.

T
e

ch
n

o
lo

g
y, e

sp
e

cia
lly in

 tra
n

sp
o

rta
tio

n
 a

n
d

 co
m

m
u

n
ica

tio
n

,
is 

in
cre

a
sin

g
ly 

im
p

o
rta

n
t 

in
 

sp
re

a
d

in
g

 
id

e
a

s, 
va

lu
e

s, 
a

n
d

b
e

h
a

vio
r 

p
a

tte
rn

s 
w

ith
in

 
a

 
so

cie
ty 

a
n

d
 

a
m

o
n

g
 

d
iffe

re
n

t
so

cie
tie

s. N
e

w
 te

ch
n

o
lo

g
y ca

n
 ch

a
n

g
e

 cu
ltu

ra
l va

lu
e

s a
n

d
social behavior.
G

ro
u

p
 B

eh
avio

r
A

ffilia
tio

n
 w

ith
 a

 g
ro

u
p

 ca
n

 in
cre

a
se

 th
e

 p
o

w
e

r o
f m

e
m

b
e

rs
th

ro
u

g
h

 p
o

o
le

d
 re

so
u

rce
s a

n
d

 co
n

ce
rte

d
 a

ctio
n

. Jo
in

in
g

 a
g

ro
u

p
 

o
fte

n
 

h
a

s
 

p
e

rs
o

n
a

l 
a

d
v

a
n

ta
g

e
s

, 
s

u
c

h
 

a
s

co
m

p
a

n
io

n
sh

ip
, a

 se
n

se
 o

f id
e

n
tity, a

n
d

 re
co

g
n

itio
n

 b
y o

th
e

rs
in

sid
e

 a
n

d
 o

u
tsid

e
 th

e
 g

ro
u

p
. G

ro
u

p
 id

e
n

tity m
a

y cre
a

te
 a

feeling of superiority, w
hich increases group cohesion but m

ay
also entail hostility tow

ard other groups.
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P
e

o
p

le
 so

m
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 m
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 o
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 p
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M
o

d
e

rn
 te

ch
n

o
lo

g
y re

d
u

ce
s m

a
n

u
fa

ctu
rin

g
 co

sts, p
ro

d
u

ce
s

m
o

re
 u

n
ifo

rm
 p

ro
d

u
cts, a

n
d

 cre
a

te
s n

e
w

 syn
th

e
tic m

a
te

ria
ls

th
a

t ca
n

 h
e

lp
 re

d
u

ce
 th

e
 d

e
p

le
tio

n
 o

f so
m

e
 n

a
tu

ra
l re

so
u

rce
s.

A
u

to
m

a
tio

n
, in

clu
d

in
g

 th
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W
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n
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b
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in

g
, a

n
d

 d
istrib

u
tin

g
energy have different environm

ental consequences.
In

 m
a

n
y in

sta
n

ce
s, m

a
n

u
fa

ctu
rin

g
 a

n
d

 o
th

e
r te

ch
n

o
lo

g
ica

l
a

ctivitie
s a

re
 p

e
rfo

rm
e

d
 a

t a
 site

 clo
se

 to
 a

n
 e

n
e

rg
y so

u
rce

.
S

om
e form

s of energy are transported easily, others are not.
E

le
ctrica

l e
n

e
rg

y ca
n

 b
e

 p
ro

d
u

ce
d

 fro
m

 a
 va

rie
ty o

f e
n

e
rg

y
so

u
rce

s a
n

d
 ca

n
 b

e
 tra

n
sfo

rm
e

d
 in

to
 a

lm
o

st a
n

y o
th

e
r fo

rm
 o

f
e

n
e

rg
y. 

M
o

re
o

ve
r, 

e
le

ctricity 
is 

u
se

d
 

to
 

d
istrib

u
te

 
e

n
e

rg
y

quickly and conveniently to distant locations.
E

n
e

rg
y fro

m
 th

e
 su

n
 (a

n
d

 th
e

 w
in

d
 a

n
d

 w
a

te
r e

n
e

rg
y d

e
rive

d
fro

m
 it) is a

va
ila

b
le

 in
d

e
fin

ite
ly. B

e
ca

u
se

 th
e

 flo
w

 o
f e

n
e

rg
y is

w
e

a
k a

n
d

 va
ria

b
le

, ve
ry la

rg
e

 co
lle

ctio
n

 syste
m

s a
re

 n
e

e
d

e
d

.
O

ther sources don't renew
 or renew

 only slow
ly.

X

D
iffe

re
n

t p
a

rts o
f th

e
 w

o
rld

 h
a

ve
 d

iffe
re

n
t a

m
o

u
n

ts a
n

d
 kin

d
s

o
f 

e
n

e
rg

y 
re

so
u

rce
s 

to
 

u
se

 
a

n
d

 
u

se
 

th
e

m
 

fo
r 

d
iffe

re
n

t
purposes.

X

C
o

m
m

u
n

icatio
n

E
rro

rs 
ca

n
 

o
ccu

r 
in

 
co

d
in

g
, 

tra
n

sm
ittin

g
, 

o
r 

d
e

co
d

in
g

in
fo

rm
a

tio
n

, a
n

d
 so

m
e

 m
e

a
n

s o
f ch

e
ckin

g
 fo

r a
ccu

ra
cy is

needed. R
epeating the m

essage is a frequently used m
ethod.

In
fo

rm
a

tio
n

 ca
n

 b
e

 ca
rrie

d
 b

y m
a

n
y m

e
d

ia
, in

clu
d

in
g

 so
u

n
d

,
lig

h
t, 

a
n

d
 

o
b

je
cts. 

In
 

th
is 

ce
n

tu
ry, 

th
e

 
a

b
ility 

to
 

co
d

e
in

fo
rm

a
tio

n
 

a
s 

e
le

ctric 
cu

rre
n

ts 
in

 
w

ire
s, 

e
le

ctro
m

a
g

n
e

tic
w

a
ve

s 
in

 
sp

a
ce

, 
a

n
d

 
lig

h
t 

in
 

g
la

ss 
fib

e
rs 

h
a

s 
m

a
d

e
com

m
unication m

illions of tim
es faster than is possible by m

ail
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or sound.
In

fo
rm

atio
n

 P
ro

cessin
g

M
o

st 
co

m
p

u
te

rs 
u

se
 

d
ig

ita
l 

co
d

e
s 

co
n

ta
in

in
g

 
o

n
ly 

tw
o

sym
b

o
ls, 

0
 

a
n

d
 

1
, 

to
 

p
e

rfo
rm

 
a

ll 
o

p
e

ra
tio

n
s. 

C
o

n
tin

u
o

u
s

sig
n

a
ls (a

n
a

lo
g

) m
u

st b
e

 tra
n

sfo
rm

e
d

 in
to

 d
ig

ita
l co

d
e

s b
e

fo
re

they can be processed by a com
puter.

W
h

a
t u

se
 ca

n
 b

e
 m

a
d

e
 o

f a
 la

rg
e

 co
lle

ctio
n

 o
f in

fo
rm

a
tio

n
d

e
p

e
n

d
s u

p
o

n
 h

o
w

 it is o
rg

a
n

ize
d

. O
n

e
 o

f th
e

 va
lu

e
s o

f
co

m
p

u
te

rs is th
a

t th
e

y a
re

 a
b

le
, o

n
 co

m
m

a
n

d
, to

 re
o

rg
a

n
ize

in
fo

rm
a

tio
n

 in
 a

 va
rie

ty o
f w

a
ys, th

e
re

b
y e

n
a

b
lin

g
 p

e
o

p
le

 to
m

a
k

e
 

m
o

re
 

a
n

d
 

b
e

tte
r 

u
s

e
s

 
o

f 
th

e
 

c
o

lle
c

tio
n

.
C

om
puter control of m

echanical system
s can be m

uch quicker
th

a
n

 h
u

m
a

n
 co

n
tro

l. In
 situ

a
tio

n
s w

h
e

re
 e

ve
n

ts h
a

p
p

e
n

 fa
ste

r
th

a
n

 p
e

o
p

le
 ca

n
 re

a
ct, th

e
re

 is little
 ch

o
ice

 b
u

t to
 re

ly o
n

co
m

p
u

te
rs. 

M
o

st 
co

m
p

le
x 

syste
m

s 
still 

re
q

u
ire

 
h

u
m

a
n

o
ve

rsig
h

t, h
o

w
e

ve
r, to

 m
a

ke
 ce

rta
in

 kin
d

s o
f ju

d
g

m
e

n
ts a

b
o

u
t

th
e

 
re

a
d

in
e

ss 
o

f 
th

e
 

p
a

rts 
o

f 
th

e
 

syste
m

 
(in

clu
d

in
g

 
th

e
co

m
p

u
te

rs) a
n

d
 th

e
 syste

m
 a

s a
 w

h
o

le
 to

 o
p

e
ra

te
 p

ro
p

e
rly, to

re
a

ct to
 u

n
e

xp
e

cte
d

 fa
ilu

re
s, a

n
d

 to
 e

va
lu

a
te

 h
o

w
 w

e
ll th

e
system

 is serving its intended purposes.
A

n
 in

cre
a

sin
g

 n
u

m
b

e
r o

f p
e

o
p

le
 w

o
rk a

t jo
b

s th
a

t in
vo

lve
processing or distributing inform

ation. B
ecause com

puters can
d

o
 th

e
se

 ta
sks fa

ste
r a

n
d

 m
o

re
 re

lia
b

ly, th
e

y h
a

ve
 b

e
co

m
e

standard tools both in the w
orkplace and at hom

e.
H

ealth
 T

ech
n

o
lo

g
y

S
a

n
ita

tio
n

 m
e

a
su

re
s su

ch
 a

s th
e

 u
se

 o
f se

w
e

rs, la
n

d
fills,

q
u

a
ra

n
tin

e
s, 

a
n

d
 

sa
fe

 
fo

o
d

 
h

a
n

d
lin

g
 

a
re

 
im

p
o

rta
n

t 
in

co
n

tro
llin

g
 

th
e

 
sp

re
a

d
 

o
f 

o
rg

a
n

ism
s 

th
a

t 
ca

u
se

 
d

ise
a

se
.

Im
p

ro
vin

g
 sa

n
ita

tio
n

 to
 p

re
ve

n
t d

ise
a

se
 h

a
s co

n
trib

u
te

d
 m

o
re

to saving hum
an life than any advance in m

edical treatm
ent.

T
h

e
 a

b
ility to

 m
e

a
su

re
 th

e
 le

ve
l o

f su
b

sta
n

ce
s in

 b
o

d
y flu

id
s
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has m
ade it possible for physicians to m

ake com
parisons w

ith
n

o
rm

a
l 

le
ve

ls, 
m

a
ke

 
ve

ry 
so

p
h

istica
te

d
 

d
ia

g
n

o
se

s, 
a

n
d

m
onitor the effects of the treatm

ents they prescribe.
It is b

e
co

m
in

g
 in

cre
a

sin
g

ly p
o

ssib
le

 to
 m

a
n

u
fa

ctu
re

 ch
e

m
ica

l
su

b
sta

n
ce

s su
ch

 a
s in

su
lin

 a
n

d
 h

o
rm

o
n

e
s th

a
t a

re
 n

o
rm

a
lly

fo
u

n
d

 in
 th

e
 b

o
d

y. T
h

e
y ca

n
 b

e
 u

se
d

 b
y in

d
ivid

u
a

ls w
h

o
se

o
w

n
 b

o
d

ie
s ca

n
n

o
t p

ro
d

u
ce

 th
e

 a
m

o
u

n
ts re

q
u

ire
d

 fo
r g

o
o

d
health.

C
h

ap
ter 9

T
H

E
 M

A
T

H
E

M
A

T
IC

A
L

 W
O

R
L

D
N

u
m

b
ers

T
h

e
re

 h
a

ve
 b

e
e

n
 syste

m
s fo

r w
ritin

g
 n

u
m

b
e

rs o
th

e
r th

a
n

 th
e

A
ra

b
ic syste

m
 o

f p
la

ce
 va

lu
e

s b
a

se
d

 o
n

 te
n

s. T
h

e
 ve

ry o
ld

R
o

m
a

n
 n

u
m

e
ra

ls a
re

 n
o

w
 u

se
d

 o
n

ly fo
r d

a
te

s, clo
ck fa

ce
s, o

r
o

rd
e

rin
g

 ch
a

p
te

rs in
 a

 b
o

o
k. N

u
m

b
e

rs b
a

se
d

 o
n

 6
0

 a
re

 still
used for describing tim

e and angles.
A

 n
u

m
b

e
r lin

e
 ca

n
 b

e
 e

xte
n

d
e

d
 o

n
 th

e
 o

th
e

r sid
e

 o
f ze

ro
 to

re
p

re
se

n
t 

n
e

g
a

tive
 

n
u

m
b

e
rs. 

N
e

g
a

tive
 

n
u

m
b

e
rs 

a
llo

w
subtraction of a bigger num

ber from
 a sm

aller num
ber to m

ake
se

n
se

, a
n

d
 a

re
 o

fte
n

 u
se

d
 w

h
e

n
 so

m
e

th
in

g
 ca

n
 b

e
 m

e
a

su
re

d
o

n
 e

ith
e

r sid
e

 o
f so

m
e

 re
fe

re
n

ce
 p

o
in

t (tim
e

, g
ro

u
n

d
 le

ve
l,

tem
perature, budget).

N
u

m
b

e
rs ca

n
 b

e
 w

ritte
n

 in
 d

iffe
re

n
t fo

rm
s, d

e
p

e
n

d
in

g
 o

n
 h

o
w

th
e

y a
re

 b
e

in
g

 u
se

d
. H

o
w

 fra
ctio

n
s o

r d
e

cim
a

ls b
a

se
d

 o
n

m
e

a
su

re
d

 
q

u
a

n
titie

s 
sh

o
u

ld
 

b
e

 
w

ritte
n

 
d

e
p

e
n

d
s 

o
n

 
h

o
w

p
re

cise
 th

e
 m

e
a

su
re

m
e

n
ts a

re
 a

n
d

 h
o

w
 p

re
cise

 a
n

 a
n

sw
e

r is
needed.
T

h
e

 o
p

e
ra

tio
n

s +
 a

n
d

 - a
re

 in
ve

rse
s o

f e
a

ch
 o

th
e

r—
o

n
e

undoes w
hat the other does; likew

ise x and ÷ .
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T
h

e
 e

xp
re

ssio
n

 a
/b

 ca
n

 m
e

a
n

 d
iffe

re
n

t th
in

g
s: a p

a
rts o

f size
1/b each, a divided by b, or a com

pared to b.
N

u
m

b
e

rs ca
n

 b
e

 re
p

re
se

n
te

d
 b

y u
sin

g
 se

q
u

e
n

ce
s o

f o
n

ly tw
o

sym
b

o
ls (su

ch
 a

s 1
 a

n
d

 0
, o

n
 a

n
d

 o
ff); co

m
p

u
te

rs w
o

rk th
is

w
ay.

C
o

m
p

u
ta

tio
n

s (a
s o

n
 ca

lcu
la

to
rs) ca

n
 g

ive
 m

o
re

 d
ig

its th
a

n
m

ake sense or are useful.
S

ym
b

o
lic R

elatio
n

sh
ip

s
A

n
 e

q
u

a
tio

n
 co

n
ta

in
in

g
 a

 va
ria

b
le

 m
a

y b
e

 tru
e

 fo
r ju

st o
n

e
value of the variable.
M

a
th

e
m

a
tica

l sta
te

m
e

n
ts ca

n
 b

e
 u

se
d

 to
 d

e
scrib

e
 h

o
w

 o
n

e
quantity changes w

hen another changes. R
ates of change can

be com
puted from

 differences in m
agnitudes and vice versa.

G
ra

p
h

s ca
n

 sh
o

w
 a

 va
rie

ty o
f p

o
ssib

le
 re

la
tio

n
sh

ip
s b

e
tw

e
e

n
tw

o
 va

ria
b

le
s. A

s o
n

e
 va

ria
b

le
 in

cre
a

se
s u

n
ifo

rm
ly, th

e
 o

th
e

r
m

a
y d

o
 o

n
e

 o
f th

e
 fo

llo
w

in
g

: in
cre

a
se

 o
r d

e
cre

a
se

 ste
a

d
ily,

in
cre

a
se

 o
r d

e
cre

a
se

 fa
ste

r a
n

d
 fa

ste
r, g

e
t clo

se
r a

n
d

 clo
se

r
to

 so
m

e
 lim

itin
g

 va
lu

e
, re

a
ch

 so
m

e
 in

te
rm

e
d

ia
te

 m
a

xim
u

m
 o

r
m

in
im

u
m

, 
a

lte
rn

a
te

ly 
in

cre
a

se
 

a
n

d
 

d
e

cre
a

se
 

in
d

e
fin

ite
ly,

in
cre

a
se

 o
r d

e
cre

a
se

 in
 ste

p
s, o

r d
o

 so
m

e
th

in
g

 d
iffe

re
n

t fro
m

any of these.
S

h
ap

es
S

o
m

e
 sh

a
p

e
s h

a
ve

 sp
e

cia
l p

ro
p

e
rtie

s: tria
n

g
u

la
r sh

a
p

e
s te

n
d

to
 m

a
ke

 stru
ctu

re
s rig

id
, a

n
d

 ro
u

n
d

 sh
a

p
e

s g
ive

 th
e

 le
a

st
possible boundary for a given am

ount of interior area. S
hapes

can m
atch exactly or have the sam

e shape in different sizes.
Lines can be parallel, perpendicular, or oblique.
S

hapes on a sphere like the earth cannot be depicted on a flat
surface w

ithout som
e distortion.

T
h

e
 g

ra
p

h
ic d

isp
la

y o
f n

u
m

b
e

rs m
a

y h
e

lp
 to

 sh
o

w
 p

a
tte

rn
s

su
ch

 a
s tre

n
d

s, va
ryin

g
 ra

te
s o

f ch
a

n
g

e
, g

a
p

s, o
r clu

ste
rs.

X
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S
u

ch
 p

a
tte

rn
s so

m
e

tim
e

s ca
n

 b
e

 u
se

d
 to

 m
a

ke
 p

re
d

ictio
n

s
about the phenom

ena being graphed.
It ta

ke
s tw

o
 n

u
m

b
e

rs to
 lo

ca
te

 a
 p

o
in

t o
n

 a
 m

a
p

 o
r a

n
y o

th
e

r
flat surface. T

he num
bers m

ay be tw
o perpendicular distances

from
 a point, or an angle and a distance from

 a point.
T

h
e

 
sca

le
 

ch
o

se
n

 
fo

r 
a

 
g

ra
p

h
 

o
r 

d
ra

w
in

g
 

m
a

ke
s 

a
 

b
ig

difference in how
 useful it is.

U
n

certain
ty

H
o

w
 p

ro
b

a
b

ility is e
stim

a
te

d
 d

e
p

e
n

d
s o

n
 w

h
a

t is kn
o

w
n

 a
b

o
u

t
th

e
 situ

a
tio

n
. E

stim
a

te
s ca

n
 b

e
 b

a
se

d
 o

n
 d

a
ta

 fro
m

 sim
ila

r
co

n
d

itio
n

s 
in

 
th

e
 

p
a

st 
o

r 
o

n
 

th
e

 
a

ssu
m

p
tio

n
 

th
a

t 
a

ll 
th

e
possibilities are know

n.
P

ro
b

a
b

ilitie
s a

re
 ra

tio
s a

n
d

 ca
n

 b
e

 e
xp

re
sse

d
 a

s fra
ctio

n
s,

percentages, or odds.
T

h
e

 m
e

a
n

, m
e

d
ia

n
, a

n
d

 m
o

d
e

 te
ll d

iffe
re

n
t th

in
g

s a
b

o
u

t th
e

m
iddle of a data set.

C
o

m
p

a
riso

n
 

o
f 

d
a

ta
 

fro
m

 
tw

o
 

g
ro

u
p

s 
sh

o
u

ld
 

in
vo

lve
com

paring both their m
iddles and the spreads around them

.
T

h
e

 la
rg

e
r a

 w
e

ll-ch
o

se
n

 sa
m

p
le

 is, th
e

 m
o

re
 a

ccu
ra

te
ly it is

like
ly to

 re
p

re
se

n
t th

e
 w

h
o

le
. B

u
t th

e
re

 a
re

 m
a

n
y w

a
ys o

f
ch

o
o

sin
g

 a
 sa

m
p

le
 th

a
t ca

n
 m

a
ke

 it u
n

re
p

re
se

n
ta

tive
 o

f th
e

w
hole.

R
easo

n
in

g
S

o
m

e
 a

sp
e

cts o
f re

a
so

n
in

g
 h

a
ve

 fa
irly rig

id
 ru

le
s fo

r w
h

a
t

m
a

ke
s se

n
se

; o
th

e
r a

sp
e

cts d
o

n
't. If p

e
o

p
le

 h
a

ve
 ru

le
s th

a
t

alw
ays hold, and good inform

ation about a particular situation,
th

e
n

 lo
g

ic ca
n

 h
e

lp
 th

e
m

 to
 fig

u
re

 o
u

t w
h

a
t is tru

e
 a

b
o

u
t it.

T
h

is kin
d

 o
f re

a
so

n
in

g
 re

q
u

ire
s ca

re
 in

 th
e

 u
se

 o
f ke

y w
o

rd
s

su
ch

 
a

s 
if, 

a
n

d
, 

n
o

t, 
o

r, 
a

ll, 
a

n
d

 
s

o
m

e
. R

e
a

so
n

in
g

 b
y

sim
ilarities can suggest ideas but can't prove them

 one w
ay or

the other.
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P
ra

ctica
l re

a
so

n
in

g
, su

ch
 a

s d
ia

g
n

o
sin

g
 o

r tro
u

b
le

sh
o

o
tin

g
a

lm
o

st a
n

yth
in

g
, m

a
y re

q
u

ire
 m

a
n

y-ste
p

, b
ra

n
ch

in
g

 lo
g

ic.
B

e
ca

u
se

 co
m

p
u

te
rs ca

n
 ke

e
p

 tra
ck o

f co
m

p
lica

te
d

 lo
g

ic, a
s

w
ell as a lot of inform

ation, they are useful in a lot of problem
-

solving situations.
S

o
m

e
tim

e
s 

p
e

o
p

le
 

in
ve

n
t 

a
 

g
e

n
e

ra
l 

ru
le

 
to

 
e

xp
la

in
 

h
o

w
so

m
e

th
in

g
 w

o
rks b

y su
m

m
a

rizin
g

 o
b

se
rva

tio
n

s. B
u

t p
e

o
p

le
tend to overgeneralize, im

agining general rules on the basis of
only a few

 observations.
P

e
o

p
le

 a
re

 u
sin

g
 in

co
rre

ct lo
g

ic w
h

e
n

 th
e

y m
a

ke
 a

 sta
te

m
e

n
t

such as "If A
 is true, then B

 is true; but A
 isn't true, therefore B

isn't true either."
A

 sin
g

le
 e

xa
m

p
le

 ca
n

 n
e

ve
r p

ro
ve

 th
a

t so
m

e
th

in
g

 is a
lw

a
ys

tru
e

, 
b

u
t 

so
m

e
tim

e
s 

a
 

sin
g

le
 

e
xa

m
p

le
 

ca
n

 
p

ro
ve

 
th

a
t

som
ething is not alw

ays true.
A

n
 a

n
a

lo
g

y h
a

s so
m

e
 like

n
e

sse
s to

 b
u

t a
lso

 so
m

e
 d

iffe
re

n
ce

s
from

 the real thing.

C
h

ap
ter 10

H
IS

T
O

R
IC

A
L

 P
E

R
S

P
E

C
T

IV
E

S
D

isp
lacin

g
 th

e E
arth

 fro
m

 th
e C

en
ter o

f th
e U

n
iverse

T
he m

otion of an object is alw
ays judged w

ith respect to som
e

other object or point and so the idea of absolute m
otion or rest

is m
isleading.

T
e

le
sco

p
e

s re
ve

a
l th

a
t th

e
re

 a
re

 m
a

n
y m

o
re

 sta
rs in

 th
e

 n
ig

h
t

sky th
a

n
 a

re
 e

vid
e

n
t to

 th
e

 u
n

a
id

e
d

 e
ye

, th
e

 su
rfa

ce
 o

f th
e
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m
o

o
n

 h
a

s m
a

n
y cra

te
rs a

n
d

 m
o

u
n

ta
in

s, th
e

 su
n

 h
a

s d
a

rk
sp

o
ts, a

n
d

 Ju
p

ite
r a

n
d

 so
m

e
 o

th
e

r p
la

n
e

ts h
a

ve
 th

e
ir o

w
n

m
oons.

U
n

d
erstan

d
in

g
 F

ire

F
ro

m
 th

e
 e

a
rlie

st tim
e

s u
n

til n
o

w
, p

e
o

p
le

 h
a

ve
 b

e
lie

ve
d

 th
a

t
e

ve
n

 th
o

u
g

h
 m

illio
n

s o
f d

iffe
re

n
t kin

d
s o

f m
a

te
ria

l se
e

m
 to

e
xist 

in
 

th
e

 
w

o
rld

, 
m

o
st 

th
in

g
s 

m
u

st 
b

e
 

m
a

d
e

 
u

p
 

o
f

com
binations of just a few

 basic kinds of things. T
here has not

a
lw

a
ys b

e
e

n
 a

g
re

e
m

e
n

t, h
o

w
e

ve
r, o

n
 w

h
a

t th
o

se
 b

a
sic kin

d
s

o
f 

th
in

g
s 

a
re

. 
O

n
e

 
th

e
o

ry 
lo

n
g

 
a

g
o

 
w

a
s 

th
a

t 
th

e
 

b
a

sic
su

b
sta

n
ce

s w
e

re
 e

a
rth

, w
a

te
r, a

ir, a
n

d
 fire

. S
cie

n
tists n

o
w

kn
o

w
 th

a
t th

e
se

 a
re

 n
o

t th
e

 b
a

sic su
b

sta
n

ce
s. B

u
t th

e
 o

ld
theory seem

ed to explain m
any observations about the w

orld.

X

T
o

d
a

y, scie
n

tists a
re

 still w
o

rkin
g

 o
u

t th
e

 d
e

ta
ils o

f w
h

a
t th

e
b

a
sic kin

d
s o

f m
a

tte
r a

re
 a

n
d

 o
f h

o
w

 th
e

y co
m

b
in

e
, o

r ca
n

 b
e

m
ade to com

bine, to m
ake other substances.

E
xp

e
rim

e
n

ta
l a

n
d

 th
e

o
re

tica
l w

o
rk d

o
n

e
 b

y F
re

n
ch

 scie
n

tist
A

n
to

in
e

 L
a

vo
isie

r in
 th

e
 d

e
ca

d
e

 b
e

tw
e

e
n

 th
e

 A
m

e
rica

n
 a

n
d

F
rench revolutions led to the m

odern science of chem
istry.

L
a

vo
isie

r's w
o

rk w
a

s b
a

se
d

 o
n

 th
e

 id
e

a
 th

a
t w

h
e

n
 m

a
te

ria
ls

react w
ith each other m

any changes can take place but that in
every case the total am

ount of m
atter afterw

ard is the sam
e as

b
e

fo
re

. H
e

 su
cce

ssfu
lly te

ste
d

 th
e

 co
n

ce
p

t o
f co

n
se

rva
tio

n
 o

f
m

a
tte

r b
y co

n
d

u
ctin

g
 a

 se
rie

s o
f e

xp
e

rim
e

n
ts in

 w
h

ich
 h

e
ca

re
fu

lly m
e

a
su

re
d

 a
ll th

e
 su

b
sta

n
ce

s in
vo

lve
d

 in
 b

u
rn

in
g

,
including the gases used and those given off.

A
lch

e
m

y w
a

s ch
ie

fly a
n

 e
ffo

rt to
 ch

a
n

g
e

 b
a

se
 m

e
ta

ls like
 le

a
d
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in
to

 g
o

ld
 a

n
d

 to
 p

ro
d

u
ce

 a
n

 e
lixir th

a
t w

o
u

ld
 e

n
a

b
le

 p
e

o
p

le
 to

live forever. It failed to do that or to create m
uch know

ledge of
h

o
w

 su
b

sta
n

ce
s re

a
ct w

ith
 e

a
ch

 o
th

e
r. T

h
e

 m
o

re
 scie

n
tific

stu
d

y o
f ch

e
m

istry th
a

t b
e

g
a

n
 in

 L
a

vo
isie

r's tim
e

 h
a

s g
o

n
e

 fa
r

b
e

yo
n

d
 a

lch
e

m
y in

 u
n

d
e

rsta
n

d
in

g
 re

a
ctio

n
s a

n
d

 p
ro

d
u

cin
g

new
 m

aterials.
S

p
littin

g
 th

e A
to

m
T

h
e

 a
ccid

e
n

ta
l d

isco
ve

ry th
a

t m
in

e
ra

ls co
n

ta
in

in
g

 u
ra

n
iu

m
d

a
rke

n
 p

h
o

to
g

ra
p

h
ic film

, a
s lig

h
t d

o
e

s, le
d

 to
 th

e
 id

e
a

 o
f

radioactivity.

In
 th

e
ir la

b
o

ra
to

ry in
 F

ra
n

ce
, M

a
rie

 C
u

rie
 a

n
d

 h
e

r h
u

sb
a

n
d

,
P

ie
rre

 C
u

rie
, iso

la
te

d
 tw

o
 n

e
w

 e
le

m
e

n
ts th

a
t ca

u
se

d
 m

o
st o

f
th

e
 ra

d
io

a
ctivity o

f th
e

 u
ra

n
iu

m
 m

in
e

ra
l. T

h
e

y n
a

m
e

d
 o

n
e

ra
d

iu
m

 b
e

ca
u

se
 it g

a
ve

 o
ff p

o
w

e
rfu

l, in
visib

le
 ra

ys, a
n

d
 th

e
o

th
e

r p
o

lo
n

iu
m

 in
 h

o
n

o
r o

f M
a

d
a

m
e

 C
u

rie
's co

u
n

try o
f b

irth
.

M
a

rie
 C

u
rie

 w
a

s th
e

 first scie
n

tist e
ve

r to
 w

in
 th

e
 N

o
b

e
l p

rize
in

 tw
o

 d
iffe

re
n

t fie
ld

s—
in

 p
h

ysics, sh
a

re
d

 w
ith

 h
e

r h
u

sb
a

n
d

,
and later in chem

istry.

D
isco

verin
g

 G
erm

s

T
h

ro
u

g
h

o
u

t h
isto

ry, p
e

o
p

le
 h

a
ve

 cre
a

te
d

 e
xp

la
n

a
tio

n
s fo

r
d

ise
a

se
. S

o
m

e
 h

a
ve

 h
e

ld
 th

a
t d

ise
a

se
 h

a
s sp

iritu
a

l ca
u

se
s,

b
u

t th
e

 m
o

st p
e

rsiste
n

t b
io

lo
g

ica
l th

e
o

ry o
ve

r th
e

 ce
n

tu
rie

s
w

a
s th

a
t illn

e
ss re

su
lte

d
 fro

m
 a

n
 im

b
a

la
n

ce
 in

 th
e

 b
o

d
y flu

id
s.

T
he introduction of germ

 theory by Louis P
asteur and others in

th
e

 1
9

th
 ce

n
tu

ry le
d

 to
 th

e
 m

o
d

e
rn

 b
e

lie
f th

a
t m

a
n

y d
ise

a
se

s
are caused by m

icroorganism
s—

bacteria, viruses, yeasts, and
parasites.

P
asteur w

anted to find out w
hat causes m

ilk and w
ine to spoil.

H
e

 d
e

m
o

n
stra

te
d

 th
a

t sp
o

ila
g

e
 a

n
d

 fe
rm

e
n

ta
tio

n
 o

ccu
r w

h
e

n
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m
icro

o
rg

a
n

ism
s 

e
n

te
r 

fro
m

 
th

e
 

a
ir, 

m
u

ltip
ly 

ra
p

id
ly, 

a
n

d
p

ro
d

u
ce

 w
a

ste
 p

ro
d

u
cts. A

fte
r sh

o
w

in
g

 th
a

t sp
o

ila
g

e
 co

u
ld

 b
e

a
vo

id
e

d
 b

y ke
e

p
in

g
 g

e
rm

s o
u

t o
r b

y d
e

stro
yin

g
 th

e
m

 w
ith

h
e

a
t, 

h
e

 
in

ve
stig

a
te

d
 

a
n

im
a

l 
d

ise
a

se
s 

a
n

d
 

sh
o

w
e

d
 

th
a

t
m

icro
o

rg
a

n
ism

s 
w

e
re

 
in

vo
lve

d
. 

O
th

e
r 

in
ve

stig
a

to
rs 

la
te

r
show

ed that specific kinds of germ
s caused specific diseases.

P
a

s
te

u
r 

fo
u

n
d

 
th

a
t 

in
fe

c
tio

n
 

b
y

 
d

is
e

a
s

e
o

rg
a

n
ism

s—
g

e
rm

s—
ca

u
se

d
 th

e
 b

o
d

y to
 b

u
ild

 u
p

 a
n

 im
m

u
n

ity
a

g
a

in
st su

b
se

q
u

e
n

t in
fe

ctio
n

 b
y th

e
 sa

m
e

 o
rg

a
n

ism
s. H

e
 th

e
n

d
e

m
o

n
stra

te
d

 th
a

t it w
a

s p
o

ssib
le

 to
 p

ro
d

u
ce

 va
ccin

e
s th

a
t

w
o

u
ld

 in
d

u
ce

 th
e

 b
o

d
y to

 b
u

ild
 im

m
u

n
ity to

 a
 d

ise
a

se
 w

ith
o

u
t

actually causing the disease itself.

C
h

a
n

g
e

s 
in

 
h

e
a

lth
 

p
ra

ctice
s 

h
a

ve
 

re
su

lte
d

 
fro

m
 

th
e

a
cce

p
ta

n
ce

 
o

f 
th

e
 

g
e

rm
 

th
e

o
ry 

o
f 

d
ise

a
se

. 
B

e
fo

re
 

g
e

rm
th

e
o

ry, illn
e

ss w
a

s tre
a

te
d

 b
y a

p
p

e
a

ls to
 su

p
e

rn
a

tu
ra

l p
o

w
e

rs
o

r b
y tryin

g
 to

 a
d

ju
st b

o
d

y flu
id

s th
ro

u
g

h
 in

d
u

ce
d

 vo
m

itin
g

,
b

le
e

d
in

g
, 

o
r 

p
u

rg
in

g
. 

T
h

e
 

m
o

d
e

rn
 

a
p

p
ro

a
ch

 
e

m
p

h
a

size
s

sa
n

ita
tio

n
, 

th
e

 
sa

fe
 

h
a

n
d

lin
g

 
o

f 
fo

o
d

 
a

n
d

 
w

a
te

r, 
th

e
p

a
ste

u
riza

tio
n

 
o

f 
m

ilk, 
q

u
a

ra
n

tin
e

, 
a

n
d

 
a

se
p

tic 
su

rg
ica

l
te

ch
n

iq
u

e
s to

 ke
e

p
 g

e
rm

s o
u

t o
f th

e
 b

o
d

y; va
ccin

a
tio

n
s to

stre
n

g
th

e
n

 th
e

 b
o

d
y's im

m
u

n
e

 syste
m

 a
g

a
in

st su
b

se
q

u
e

n
t

in
fe

ctio
n

 b
y th

e
 sa

m
e

 kin
d

 o
f m

icro
o

rg
a

n
ism

s; a
n

d
 a

n
tib

io
tics

a
n

d
 

o
th

e
r 

c
h

e
m

ic
a

ls
 

a
n

d
 

p
ro

c
e

s
s

e
s

 
to

 
d

e
s

tro
y

m
icroorganism

s.

In
 m

e
d

icin
e

, a
s in

 o
th

e
r fie

ld
s o

f scie
n

ce
, d

isco
ve

rie
s a

re
so

m
e

tim
e

s 
m

a
d

e
 

u
n

e
xp

e
cte

d
ly, 

e
ve

n
 

b
y 

a
ccid

e
n

t. 
B

u
t

kn
o

w
le

d
g

e
 

a
n

d
 

cre
a

tive
 

in
sig

h
t 

a
re

 
u

su
a

lly 
re

q
u

ire
d

 
to

recognize the m
eaning of the unexpected.
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H
arn

essin
g

 P
o

w
er

U
n

til th
e

 1
8

0
0

s, m
o

st m
a

n
u

fa
ctu

rin
g

 w
a

s d
o

n
e

 in
 h

o
m

e
s,

u
sin

g
 

sm
a

ll, 
h

a
n

d
m

a
d

e
 

m
a

ch
in

e
s 

th
a

t 
w

e
re

 
p

o
w

e
re

d
 

b
y

m
u

scle
, w

in
d

, o
r ru

n
n

in
g

 w
a

te
r. N

e
w

 m
a

ch
in

e
ry a

n
d

 ste
a

m
e

n
g

in
e

s 
to

 
d

rive
 

th
e

m
 

m
a

d
e

 
it 

p
o

ssib
le

 
to

 
re

p
la

ce
cra

ftsm
a

n
sh

ip
 

w
ith

 
fa

cto
rie

s, 
u

sin
g

 
fu

e
ls 

a
s 

a
 

so
u

rce
 

o
f

e
n

e
rg

y.  In
 th

e
 fa

cto
ry syste

m
, w

o
rke

rs, m
a

te
ria

ls, a
n

d
 e

n
e

rg
y

could be brought together efficiently.

X

T
h

e
 in

ve
n

tio
n

 o
f th

e
 ste

a
m

 e
n

g
in

e
 w

a
s a

t th
e

 ce
n

te
r o

f th
e

In
d

u
stria

l R
e

vo
lu

tio
n

. It co
n

ve
rte

d
 th

e
 ch

e
m

ica
l e

n
e

rg
y sto

re
d

in
 w

o
o

d
 a

n
d

 co
a

l, w
h

ich
 w

e
re

 p
le

n
tifu

l, in
to

 m
e

ch
a

n
ica

l w
o

rk.
T

he steam
 engine w

as invented to solve the urgent problem
 of

pum
ping w

ater out of coal m
ines. A

s im
proved by Jam

es W
att,

it 
w

a
s 

so
o

n
 

u
se

d
 

to
 

m
o

ve
 

co
a

l, 
d

rive
 

m
a

n
u

fa
ctu

rin
g

m
a

ch
in

e
ry, a

n
d

 p
o

w
e

r lo
co

m
o

tive
s, sh

ip
s, a

n
d

 e
ve

n
 th

e
 first

autom
obiles.

C
hapter 11

C
O

M
M

O
N

 T
H

E
M

E
S

S
ystem

s
A

 system
 can include processes as w

ell as things.
T

h
in

kin
g

 a
b

o
u

t th
in

g
s a

s syste
m

s m
e

a
n

s lo
o

kin
g

 fo
r h

o
w

e
ve

ry p
a

rt re
la

te
s to

 o
th

e
rs. T

h
e

 o
u

tp
u

t fro
m

 o
n

e
 p

a
rt o

f a
syste

m
 (w

h
ich

 ca
n

 in
clu

d
e

 m
a

te
ria

l, e
n

e
rg

y, o
r in

fo
rm

a
tio

n
)

can becom
e the input to other parts. S

uch feedback can serve
to control w

hat goes on in the system
 as a w

hole.
A

n
y 

syste
m

 
is 

u
su

a
lly 

co
n

n
e

cte
d

 
to

 
o

th
e

r 
syste

m
s, 

b
o

th
in

te
rn

a
lly a

n
d

 e
xte

rn
a

lly. T
h

u
s a

 syste
m

 m
a

y b
e

 th
o

u
g

h
t o

f a
s

X
X

X
X

X
X

X
X
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co
n

ta
in

in
g

 su
b

syste
m

s a
n

d
 a

s b
e

in
g

 a
 su

b
syste

m
 o

f a
 la

rg
e

r
system

.
M

o
d

els
M

o
d

e
ls a

re
 o

fte
n

 u
se

d
 to

 th
in

k a
b

o
u

t p
ro

ce
sse

s th
a

t h
a

p
p

e
n

to
o

 slo
w

ly, to
o

 q
u

ickly, o
r o

n
 to

o
 sm

a
ll a

 sca
le

 to
 o

b
se

rve
directly, or that are too vast to be changed deliberately, or that
are potentially dangerous.

X
X

X
X

X
X

X
X

M
a

th
e

m
a

tica
l m

o
d

e
ls ca

n
 b

e
 d

isp
la

ye
d

 o
n

 a
 co

m
p

u
te

r a
n

d
then m

odified to see w
hat happens.

D
iffe

re
n

t m
o

d
e

ls ca
n

 b
e

 u
se

d
 to

 re
p

re
se

n
t th

e
 sa

m
e

 th
in

g
.

W
h

a
t kin

d
 o

f a
 m

o
d

e
l to

 u
se

 a
n

d
 h

o
w

 co
m

p
le

x it sh
o

u
ld

 b
e

d
e

p
e

n
d

s o
n

 its p
u

rp
o

se
. T

h
e

 u
se

fu
ln

e
ss o

f a
 m

o
d

e
l m

a
y b

e
lim

ite
d

 if it is to
o

 sim
p

le
 o

r if it is n
e

e
d

le
ssly co

m
p

lica
te

d
.

C
h

o
o

sin
g

 a
 u

se
fu

l m
o

d
e

l is o
n

e
 o

f th
e

 in
sta

n
ce

s in
 w

h
ich

intuition and creativity com
e into play in science, m

athem
atics,

and engineering.
C

o
n

stan
cy an

d
 C

h
an

g
e

P
h

ysica
l a

n
d

 b
io

lo
g

ica
l syste

m
s te

n
d

 to
 ch

a
n

g
e

 u
n

til th
e

y
b

e
co

m
e

 
sta

b
le

 
a

n
d

 
th

e
n

 
re

m
a

in
 

th
a

t 
w

a
y 

u
n

le
ss 

th
e

ir
surroundings change.
A

 system
 m

ay stay the sam
e because nothing is happening or

because things are happening but exactly counterbalance one
another.
M

a
n

y syste
m

s co
n

ta
in

 fe
e

d
b

a
ck m

e
ch

a
n

ism
s th

a
t se

rve
 to

keep changes w
ithin specified lim

its.
S

ym
b

o
lic 

e
q

u
a

tio
n

s 
ca

n
 

b
e

 
u

se
d

 
to

 
su

m
m

a
rize

 
h

o
w

 
th

e
q

u
a

n
tity o

f so
m

e
th

in
g

 ch
a

n
g

e
s o

ve
r tim

e
 o

r in
 re

sp
o

n
se

 to
other changes.
S

ym
m

etry (or the lack of it) m
ay determ

ine properties of m
any
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o
b

je
cts, 

fro
m

 
m

o
le

cu
le

s 
a

n
d

 
crysta

ls 
to

 
o

rg
a

n
ism

s 
a

n
d

designed structures.
C

ycle
s, su

ch
 a

s th
e

 se
a

so
n

s o
r b

o
d

y te
m

p
e

ra
tu

re
, ca

n
 b

e
described by their cycle length or frequency, w

hat their highest
and low

est values are, and w
hen these values occur. D

ifferent
cycles range from

 m
any thousands of years dow

n to less than
a billionth of a second.
S

cale
P

ro
p

e
rtie

s 
o

f 
syste

m
s 

th
a

t 
d

e
p

e
n

d
 

o
n

 
vo

lu
m

e
, 

su
ch

 
a

s
ca

p
a

city a
n

d
 w

e
ig

h
t, ch

a
n

g
e

 o
u

t o
f p

ro
p

o
rtio

n
 to

 p
ro

p
e

rtie
s

that depend on area, such as strength or surface processes.
A

s 
th

e
 

co
m

p
le

xity 
o

f 
a

n
y 

syste
m

 
in

cre
a

se
s, 

g
a

in
in

g
 

a
n

u
n

d
e

rsta
n

d
in

g
 o

f it d
e

p
e

n
d

s in
cre

a
sin

g
ly o

n
 su

m
m

a
rie

s, su
ch

a
s 

a
ve

ra
g

e
s 

a
n

d
 

ra
n

g
e

s, 
a

n
d

 
o

n
 

d
e

scrip
tio

n
s 

o
f 

typ
ica

l
exam

ples of that system
.


