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List and explain the principles and methods that geologists use to assign the relative age to rocks layers and features

textbook, figures 10,11
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Principle of Uniformitarianism Before the late 1700%, most people thought
that Earth wis anly & fiew thousand years old. James Hutlon rejecied this
Kaa. Ho was 0ne of the Tirst sciontists 10 think of Earth as vary oid. Huttan
wWas a naturalist and a farmar in Scotfand. He cbserved how the andscape
on his farm gradually changed over the years. Hution thought that the
processes responsiie for changng the landscape on his farm coukd aso
shape Earth's surtace. For example, he thought that erosion caused by
SUQAMS ON his Larm Could AlSO Wear dowWn MOUNANS Of Carve doop
canyors. Beacause he realized that this would take a long time, Hution
proposed thot Earth is much alder than o few thousand years

Hut1on's ideas are the foundation of & princpie called ursformitacarism The
prnciple of uniformitacianism 10165 That GEOIOGIC PIOCesses it aous

1ocyy are simiar 10 those that havwe acourred In the past In othaer words, the
same processes that we see todoy have been occurring since Earth formed.

THREE DIMENSIONAL THINKING
Soertsts use the prinople of uniformBaianism 1o mterpeest Earth's history
SUPPOEe you AdSoovwr @ rock from an ancient beach. Now imagine you are
stancing on that anclent Daeach. What do you think you would you soa?
Explain how your answer relates to the prinoplie of unfformtarianism.

If you stand on a shore of an
ocean and watch the waves
come in, you are observing

a process that has not
changed since the oceans
formed. Using the principle

of uniformitarianism, you can
infer that you would see waves
eroding the shore of the beach
just as they do today.

Because of uniformtariansm, sCientists can learm about Earth’s past by
Sudying the present. One way 10 JO this is Dy studying the order in which
geoiogic events occurred using a method called relatve-age dating. This
does not allow sclentists 1o determine the absolute age, or the actual age of
the everts. But it gives scentists o dearer understanding about geclogc
events = Earth's history

EXPLOREEXPLAN Lesson 1 Analyzing e Rock and Fossi Recoros

"

What is the basis for understanding
Earth’s past?

Eany Kdoas abowt Earth's age and gealogic history were usually placed in the
context of ime spars that a person could understand relative 1o his or her
own e, This changed as people began to explore Earth and Earth processes
I SCRNBic ways. Todiny, scentists know that Earti's history stretches back
4.6 bilion yoars. Whan did this change of thought occur, and how?

INVESTIGATION

The Present Is the Key to the Past

Compare the images of eroson balow

1. Do you think the processes that foem and shape the small stroam bod
are simiar 0 those that form and shape the Grand Canyon? Why or
whyy not?
Yes. The water erosion that is wearing away the banks of the stream

is the same as the erosion that is carving the Grand Canyon.
2. How long do you think it woulkd take 1o creste o Caryon a3 deep os the

Geang Caryon? Explan your ressomng
Sample answer: Millions of years. Much longer than the lifetimes of

humans or the entire history of humanity.

Go nrling 0 resd mose Shnut how Go to the Foldabies* library 1o make a
soentists analyze the rock and fossi Faldabie”® that will help you take notes

records whike reacing this lesson

Want more information? ] ‘ (m

W  Exmoss e AN Module: Geologic Time
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7 Analyze a rock sequence to predict the principle used to assign the relative age for the rock textbook, figures, 30 17,18

The Principles of Relative-Age Dating As you just discovered in the
Relatively Speaking investigation, there are five principles that geologists use
o assign relative ages to rocks and features.

° G0 ONLINE Finaly. watch the animaticn Relanve . Age Daning.
Then arswer the gquestions that follow

Wbt i ?

« Superposition is the principle that in undisturbed rock layers, the oldest L are the principles of relative-age deting
rocks are on the bottom. P ——

- According to the principle of eriginal horizontality, most rock-forming / \
materials are deposited in horizontal layers. superposition original Wizonta"}

+ Lateral continuity is the principle that sediments are deposited in large, EEPp——— — T ———
continuous sheets in all lateral directicns. Princiok Of

«  According to the principle of inclusions, if one rock contains pieces of Ep MMAQC Dathg e
another rock, the rock containing the pieces is younger than the pieces, i

+ According to the principle of cress-cutting relationships, if cne geologic lateral continuit y inclusions
feature cuts across another feature, the feature that it cuts across is older. - ’/ e ——— s

cross-cutting

THREE-DIMEMNSIONAL THINKING "
Models ara often vsed to study and represent large-scale time and \J’e‘a(lOﬂShipS‘

space phenomena. Using what you hawe learned about the N ———

pr!ncl_ples of relative-age dating, create a sketch modeling each 8. Which prnciple Gid Iy in Step 2 of the
principle below.

inwestigation?
Students’ sketches will vary but should demonstrate an '
. e e 2 " superposition
understanding of superposition, original horizontality, lateral
continuity, inclusions, and cross-cutting relationships. Check Using thés principie. assign the rock layers in the
students' sketches for accuracy. diagram to the right thei relative ages from oldest (A
10 younges! ()
§ " 9. Which prirciple ¢id you apply in Ssep 4 of the
5 3 inwestigation?
] .
[ |
i ! inclusions
; s
E t Using this ponciple, label the cider feature T, and the
- younger feature 2 on the dagram o the right.
10. Which prnciple did you use in Step 6 of the
\ y irwestigation?
cross-cutting relationships
COLLECT EVIDENCE = e : 2
Heow do the principles of relative-age dating help scientists “read” rocks? :‘m’ his p‘“‘:’“ 1the yers and o
Record your evidence [A) in the chart at the beginning of the lessan, - {7 1o youngest §6).

18 EXPLORE/EXPLAIN Module: Geslogic Time EXPLOREEXPLAIN Lesson | Analyzing The Rock and Fosst Recoras 17




Compare and contrast between types of unconformity using examples and diagrams

textbook, figures 32,33

e C MG diRes e Wy ek Loty

2. The arrows in the images on the previous page point 1o the surfaces
where rock has sroded way, procacing Dreaks, or gaps, n the rock
record, called unconformities (un kun FOR muh 1ees). There ae theeo
types of uncondormities, described balow. Can you identify which phota
from the previous page each type of unconformmity describes? Lobed the
figures A B, or C 10 cormespond with the matching photos

<4 When horeontal leyers of sedmentary rock are deformed
durnng mountan bulding or other geclogic events, they
e usualy uplifted and tilted. During this process, the
ayars are exposed 1o weatharing and a@rosion. i
harnzontal ayers of secmeriary rock are lster lald cown
on top of the tited, eroded layers, the resulting
uncanfoemity & called an anguliar uncordarmsty

Younger sedmenary rock

< When a honzontal ayer of sedimentary rock overies
another horlzontal layer of sedimentary rock that has
been eroded, the eroded surfooe = called »
disconformity DIsconformtes can be @asy 10 idenify
when 1he eroded surface is unaven. When the ercded
surface & smooth, dsconformiies are aften hard 10 soe.

Cder sedamentany rock
A

Younger sedime ey rock < When a layer of seciimentary sock overlies & lingesr of

- ONecLs or matamorphic rock, such as granite ar marbile,
the eroded surface |5 easier o identify. This kind of
= eroded suriace is called a monconformity. A
nonconformily indicates & gap N the rock recard dunng
which gnecus or metamarpiue rock lagess wece uplifted,
& eroded at Earth’s surface, and new ayers of sedimentary

rock formed on top.

Clcler ignecus sock

Unconformities As you just discowened,
whan new secimant is deposied on op of
oid, eroded rock layers, the eroded surface
represents a gap in the rock record.
Unconfarmities could represent o few
huncked yoars, @ milion years, of ewen
bilions of yaars,

So how can geologists organee Earth's

history using the rock and fossil records
wihen pars ae baried or missing? Let's

rrestigate

EXPMLOREEXPLAN Lesson 2 Buldng a Time Line 33

What happens when the rock and
fossil records are not complete?

You leamed in Lesson 1that geclogists use rock | . il
layers and the fassils within 1o butkd o record of Want move informetion?

Go anline 1o read more about the
Earth's geclogc Mstory. A complete rock record Sk ot the cd
in one place, however, does Not sxst PR Qe .

Waatharing, @rasion, volCanism. and other L scele.

processes are constantly changing Earth's o -
surface. This makes it fficult %0 find o sequence

SRS SRR S S U . Go 10 the Foldabies® library 10 make 8
Sometimes, the record of s pest event or time s | iy ine snat will help you take notes

complatoly erodad awnd Lat's dig n | white reacing this

B INVESTIGATION B4R 5/ 74/ 4 AR I &1/

Gaps in the Rock Record

1. Analyze the three pholos Delow. NOLICe Now the arows port 10 a ne
betwoen different rocks. How would you describe the rock balow the
Arows vwersus the rock above? Wrae your descnptions nest 1o cach

rhonzontm sedimentary layer -
overlies horizontal sedimentary
layer

. >

rl’\onzontal sedimentary layer N
overiies tilted sedimentary layer

F )
horizomal sedimentary layer
aoverlies nonsedimentary layer

. J

32  ExmLossExrLuN Module: Geologc Time
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Transcription RNA, like DNA, is made of nuclectides. However, there are
ey ditferences between DNA and ANA. DNA Is double-stranded, but RNA
= single-stranded, RNA has the nitrogen base urool (U] instead of thymine
(T) and the sugar rbose rslead of deaxyribose. The first step in making &
protein 5 10 make messenger RNA InRNA) from DNA, Messenger RNA
tranafors the genatic code from DNA in the coll's nuckeus to rfibosomes in
the cytoplasm for protein synthesis. The process of making mRNA from
DNA is cabed transcription, How does ths happen? Let's find out.

INVESTIGATION V400 /4 /80 4 1/ AR/ 4 [/ R/ 41/ S 4

Transcription

OOOM Watch the animation Trenscapnion. Then examine the
figure balow.

Based on the animation and the figure, complete the DNA 10 mRNA
trarscription below. Use the blue Ines to write your answer,

-
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Compare and contrast between the structure and function of DNA and RNA, and Define key terms assocated with the structure of DNA

A Complex Molecule DNA = lke a twisted npper. This twisted spper
shape & called & double hedix. A model of DNA's double hdx structure is
shown belor.

CISEITR Connection | How did sclentsts discover the shape of DNA?

Rosaknd Franklin and Maurce Wikins were two scientists in London who
used X-rays 1o study DNA. Some of the X-rary data indicated that DNA has &
helx shape,

American sclentist James Watson visted Frankdin and Wikins and saw one
of the X-rays of DNA. Watson realized that the X-ray gave valuable clues
#Hout the structure of DNA. Watson warked with an Englsh scientist,
Francis Crick, 10 besig a model of DNA.

Watson and Crick based their work on information from Frankdin's and
Wilins's X-rays. They also used chemical nformation about DNA dscovered
by anather scientist, Erwin Chargaff After several ines, Watson and Crick
DUt & model that showed how the smaller molecues of DNA bond 10gethes
and Torm a doule helix,

Fouwr Nucleotides Shape DNA DNA's twisted sipper shape s becouse of
molecules called nuckeotides. A nucleotide is a molecule made of o nitrogen
Base. 8 suger (Caled deaxynbose 1 DNA), and o phosphate group, Theee
0 fowr nitrogen bases. adening (A), cytasing (C), thymine [T) and guanine
(G). Aand T always bond togather, and C and G always bond 1ogether.
Examine the figure below to see how DNA s compoased.
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Define adaptation, identify different types of adaptation, and Explain why ofganism that unable to adapt, it becomes extinct textbook, figures

What are adaptations?

Adaptations The accumulation of many similar variations can lead to an
adaptation. An adaptation Is an Inherfied trait that helps 8 speckes survive in
its erwironment. Giraffes have different spot patterns, but each has spots
The spots help the giraffes Blend in with their ervdronment. As a result,
predatocs of gralfes cannct $6e tham as easily. The spotied coat of girafies
Is an adaptagion.

Types of Adaptations Every species has many sdepistions. Scertsts
classily Adaptations inlo three Categores: struchural, behaviaral, and
functional. Structural adaptations woive color, shape, and other pivysical
charactenstics. The length of a toroise’s neck is a structural adaptation.
Behaviora! adaptations Fvolve the way an onrganism behaves o acts
Hunting &t night and maving in herds are examplies of behavworal
adaptations. Funclionad adaplations Fwoive internal body systems that
affect ochaemistry. A drop in body lemperaties during hibernation is an
«ampie of a functional adaptation.

< Structurad
Adaptation
The jackrabbit's
porwerful legs
help it run fast
10 ¢scape from
predators.

The ackrabbit stays
stil during the hottest

A Functional Adaptation
z:;::::d:";bm The biocod vessels in the
pckrabbit's cars expand to
enable the blood 1o cool
before reentering the body

Primates such as humans and Chumpaniees have opposatike thumbs,
which means that the thumb can move around to jouch the other
fingers on that hand What type of adaptation Is ths? Explan why
opposable thumbs are 8 benefical adaptation, Record your resporse
in your Soence Notebook

Q THREE-DIMENSIONAL THINKING
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Define adaptation, Identify different types of adaptation, and Explain why organism that unable to adapt, it becomes extinct

textbook, figures

97

Ervvironmental Ineractions Have you ever wanted 10 be rwisible? Macry
SpecEd have evahwd adaptatians that make them nearly inwisible, The
SOk In the photd on tha et is the Same Color as the leaves it i resting on
This is a structural adaptation called camoufiage (CAM uh flan)
Camoufiage |5 an adaptation that enables o speces to blend in with its
envircrmment

Some SPeces have adaptations that drira attantion to them. The Caterpdllar
In the center photo resemdies a snake. Preciators see it and are scared
away. The resemblance of one species to another species |s mimicry (MIM
minh kree). Camouflage and mimicry are adaptations that help species avoikd
being emen, Many other adaptations help specs eat. The pelican in the
Photo on the fght has a Deak and mouth uniquely adapted to its food
source-—fish.

Environments are compiex. Species must adapt 1o an erwvironmaent’s living
parts as wel a5 20 an environment’s naniving parts. Nonliving things include
temperature, habitat. rutrients in the soil, and dimate. Deciduous trees shed
thesr leanens due to changes in climate. Camaouflage. mimicry, and mouth
$hape are adaptations mostly 10 an environmaent’s living pars

Lving and noniving factors are always changing. Even siight envronmental
changes affect how species adapt. If a speces s unable 10 adapt,
becomes extinct. The fossil record contains marry fossils of species unable
10 adapt 1o change

>OLLECT EVIDENCE
How do adaptations affect arganisms, such as orchid plants? Record
your evidence (C) in the chart at the beginning of the lesson.
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Compare natural and artificial selection in terms of time spans, genetic variation, and level of human interference, suggest characteristics that may be
s of artificial selection, including the

selected for in gi les of animal or describe some adval

Selective Breeding Walching natural selection in action is like watching
MOUNLENS grow taller, It 0Cours Ower 50 mafty generations that it usualy
Cannat e 5600 It IS Sasier 30 obsenve a type of selection practiced by
humans. When humans beeed arganisms for food or for companionship,
they are selecting vorations that occur naturally in populations. The
selection and breeding of organisms with desired trats is selective
breeding, Selectve breedng, sometimes refered 10 as artificid selection, &
simiar 10 natural selection except that humans, instead of nature, do the
selecting. By breeding organisms with desired traits, humans change trats
just as natural selection does. Cows with increased levels of milk
production, dogs of different sizes, and roses of unique colors are products
al sedectne breeding

\ The fantal pigeon (top right) and the
pouter pigeon (bottom right) were
dertved from the wid rock pigeon (cbove)

uction of desired animals

textbook, lab

106, 108

THREE-DIMENSIONAL THINKING
Can traits of orgoanisms shways be predicted with sedectve breeding? Explain
horae mudtiple causes can influsncs the tratts of an argansm

Students should identify that traits are not always predictable due
to mutations. Students may list environmental and genetic factors
as multiple causes that influence an organism'’s traits,

-

COLLECT EVIDENCE

How can humans influence traits of crganises, such as the dogs ot the
Deginning of the lesson, through selective bréeding? Record your evidence
(A) in the chart at the beginning of tha kesson,

How can traits be directly
influenced?

Adaptations provide evidence of how closely Earth's species match thor
erwironments. This is exactly what Darwin's theory of evolution by natural
selection peedicted. Darwin aso had a hably of breeding domestc pigeans
where he found his rokes of naturel selection Ao appied N situaticns he
controliod. Whan humans influence tralis in othar argansms, it is called
artifical selection.

colored pendils

Procedure
1. Read and complete a lab safaty form.

2. nyouw Sclence Notebook, draw a dog with your desred tralts. Include
either long or shart har, pomed or floppy ears, light fur or dark fur,
SO6d coloration or spatted coloration. and plytul or tame. Circle your
selecions bakrw:

lomg har/short har

ponted ears/Floppy ears

light fur/dark fur

s0id coloration/spotted coboration
playfultame

3. Find o pertnes Imagine your dog and your pariner’s dog hive three
puppis. Choase ane dog 10 be the mather and 0ne 10 be the father

4. Fip acoin to determing whather a pupgy wil inhert each of the traits
from the mother (heads) or the fother ftolks) Repeat for all three
PUPD s,

S, Nusirate the puppies n your Science Notseboak




desirable traits resulting from

If
genetic engineering. For exampie, two new apple

varieties have been genetically engineered to resist browning

cut section is lost
.

13 Define genetic engineenng and genetically mu:ifbad OFganisms ur Gh.lﬂs, and their adf-lange and disadvantage, Define the process used genetic textbook, figures 109, 110
engineering to produce insulin or other chemicals to treat cancer
What is a genetically What 1s genetic engineering?
g ¢ )
mOdlﬁed Organlsm : Recall that chromosomes are made of DNA and are in the nucleus of a cell.
Genetic englneering can produce Improvements In Sections of DNA in chromosomes that direct cell activities are called genes.
crop plants, such as corn, wheat, and rice. Food Scientists are experimenting with genetic engineering, which refers to the
products that have been genetically engineered are biological and chemical methods that change the arrangement of DNA that
commonly referred to as genetically modified makes up a gene. Genetic engineering already is used to help produce
organisms, or GMOs. Scientists have made large volumes of medicine. Genes also can be inserted into cells to change
genetically engineered tomatoes with a gene that allows tomatoes to be how those cells perform their normal functions, as shown in the figure
picked while green and transported great distances before they ripen below.
completely. Ripe, firm tomatoes are then available in the local market. Some
crops are even engineered to be toxic to particular insects and pests. Recombinant DNA Making recombinant DNA is one method of genetic
Read a Sclentific Text engineering. Recombinant DNA is made by inserting a useful segment of
DNA from one organism into a bacterium, as shown below. Large quantities
Because 5°":ebp‘7°p'i might F’h’ﬂefe' f°°d5|tha‘ are ";’t Cha“geglginetl'c:"y- of human insulin are made by some genetically engineered organisms.
some stores label such items. Man eople worry about possible healt . . . N .
HIG b/ e st Wi Z:nsurr:wption Zf genetitany g People with Type 1 diabetes need this insulin because their pancreases
crops. Others worry about the effects that altered plants might have on the produ.ce little to no insulin. Another use includes the production of
environment. However, the scientific consensus is that GMOs are safe. chemicals to treat cancer.
PRIMARY SOURCE
Consumer Info About Food from Genetically
Engineered Plants
Inspect
Read the passage Consumer FDA regulates the safety of food for humans and animals, 5
Info About Food from including foods produced from genetically engineered (GE) 5%
Genetically Engineered Plonts. plants. Foods from GE plants must meet the same food safety £ :
requirements as foeds derived from traditionally bred plants. E 3 -
b More genetically engineered DNA |
5| ; 4 cells making Insulin ' oap
Find Evidence Crop improvement happens all the time, and genetic i DNA chromosome
Reread the passage. Highlight engineering is just one fol “ 2
the definition of genetic ?g'"eer'"g" toretert : F f f DNA loop
U
engineering, then underlin the ¥ S *insulin @ cutand fenjoved
E V ‘v produced using chemicals;
> . .
B =
Bs
=

associated with cuts and bruises by reducing levels of
enzymes that can cause browning.

Make Connections

Communicate Choose a fruit,
then pair with a partner who has

Humans have been modifying crops for thousands of years
through selective breeding. Early farmers developed cross
breeding methods to grow numerous corn varieties with

selected a different fruit. Design arange of colors, sizes, and uses. For example, the garden
a genetically engineered fruit strawberries that consumers buy today resulted from a cross
that could be developed from between a strawberry species native to North America and a
traits belonging to the two fruits strawberry species native to South America.

you have chosen.

Source: U.S. Food & Drug Administration

Reproduction

v
-

-

-

-
-
.

‘ Insulin gene from
P human chremosome
Another bacterial cell takes

up recombinant DNA Recombinant

DNA formed
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List the five types of fossils, Describe each type and recognise a figure exampde on it

Textbook, table

135

@ Three-Dimensional Thinking

A student prepared this chart comparing examples of natural selection with
artificial selection.

Natural Selection

the Species

Traits That Benefit Artificial Selection Traits That Directly Benefit Humans

Ability to escape
predators
Ability to resist
droughts

2. Which can the student add in the column under artificial selection to
complete the chart?

1. ability to grow large kernels of corn
2. ability to grow fruit that can be stored for long periods
3. ability to catch larger prey
4, ability to produce milk for offspring

A land 3

® land 2
C 2and3
D 3and4

3. Golden rice is a type of rice that has been altered to contain vitamin A.
This yellow rice is beneficial to populations that typically do not receive
enough vitamin A from other sources. How is golden rice classified?

A genetically engineered
B genetically modified organism

C altered through gene therapy

@AandB
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Explain how natural selection support the theory of evolution, study relatedness of organisms traits, use the comparative anatomy to relate species to

their commaon ancestor

textbook, figures, investigation 153, 154

Anslogous Structures Both wings shown 1o the right are used
for fhght. Bul bird wings are covered with feathers, Fly wings are
coverad with tiry hairs. Body parts that perform a simiar
function but differ In structure are analogous juh NAH uh gus)
structures. Analogous structures evolved separatedy from one
S0ther and organisms with the structures do nol share & closely
relatedd commeon ancestarn Dilferences in the structuee of Bird
and My wings indicate that birds and fMies are not closely relmed

Vestighal Structures The fightiess cormorant in the photo has
short, stuby wings. Yet, as fs name suggests, it cannot fiy. The
Bird's wings are an example of westigial stnactures. Viestigisl (veh
STIH jee ul) structunes e body parts that have 1ot thek onginal
function through evolution. The best explanation for vestigial
structures is that the spedes with a vestigal structure Is refated %o
an ancestral species that used the structure for 8 speofic purpose,
The figrbess commarant, for example, evolved 0 an solaled
ecosystem-the Galdpagos Klands—that did not have any predatons
an fand. In that ecasystem, wings and the abilty to fiy na langer
gove indivicuals an increased chance of survwal and reproduction.
Evernually, the flightiess cormorant lost its abiity 10 fly due %0
wing size that is far 1o small 1o support 8 bird of its proporans,

INVESTIGATION
Missing in Action

Research o vestigal structure present in 8 bving crganism. Explain how the
westigial structure arcse whie detaibng how its function elates 10 its
structura.

Answers will vary. Students should research a present-day organism
and describe the vestigial structure in question. Students will want to
trace where the structure first arose. Students will want to describe
how the structure was used then, as well as how it may be used by

the present-day organism.

Comparative Anatomy As you just observed, spoons that look different
from one another still have some structural and functional similarities. Like
spoons, animals also have similarities, even when they appear very
different. Observations of structural and functional similarities and
differences in species that do not look alike are possible through
comparative anatomy. Comparative anatomy is the study of similarities and
differences among structures of living and fossil species,

Homologous Structures Humans and birds look different and move in

different ways. Humans use their arms for balance and their hands te grasp

objects. Birds use their forelimbs as wings for flying. However, the forelimb

bones of these species exhibit similar patterns. Homologous (huh MAH luh

gus) structures are body parts or structures that were inherited by two or
Human Cat

more species from a common ancestor.
Frog Bat
Humerus
Ulna
Radius

As shown in the figure, homologous structures, such as the forelimbs of
humans, cats, frogs, bats, and birds, are evidence that these species are
related. The more similar two structures are to each other, the more likely it
is that the species have evolved from a recent common ancestor.

Bird

THREE-DIMENSIONAL THINKING
Think about patterns in structures, other than the arm, that can be
found across different groups of animals. In your Science Notebook,
quickly sketch your structures as shown in the figure above.

COLLECT EVIDENCE

How does cemparative anatomy help you understand the evolutionary
relationship between bats and birds? Record your evidence (A) in the chart
at the beginning of the lesson.
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Compare between distance and displacement, and give the value fior each for an object movment

Textbook, figures

previous pege, the player runs 41,2 m from pasition D %0 position C, Then
she runs %0 M 1o pasition 8. Her path is shown by the green dotted ines
The total distance the playarrawes S 412 m+10m =5S1.2 m

The sobd purple amrow in the figure shows the player's dspiacement.
Displacement is the difference Detween the inffiel, or starting. position and
the final position. The player starts ol point D and finishes a1 point B. Her
displacamant is 40 m in frant of her initial pasition. Displacemant s the
shortest dissance botwoen whore the player started and the playes’s final
poston. An cbyect's desplacement and the distance it travels are Mot ahweys
egual. If the player runs directly from poen D 10 point A, then Both the player's
distance and displacement are The same quantity—10 m_If the players final
POSBOonN is e same as by SSarting pasition, har displacement is O m.

THREE-DIMENSIONAL THINKING
Use the race track model Delow 20 desarmine the distance traveled
and the dsplacement of a car from point A to when it reached
point D on the first lap

B 300 m-——et

C

The distance the car traveled is 1,200 m. The displacement is
310 m toward the southeast. This is calculated using the

Pythagorean theorum using 110 m and 290 m as the sides of the

right angle and solving for the hypotenuse.

COLLECT EVIDENCE

How can you describe the motion of the trains from the Deginning of
the lesson? Record your evwdenos §8) in the chart ot the begrmng of
1he lesson

EXPLOREEXPLAN Lesson | Posison and Moton 9




Calculate accelaration using Mewton's second law of motion Textbook, Example —

Mathematical Model |wsac Noewban, an English soenint and mathermatcian,
denloped lows of moton Newton's second e of motion stetes st the
acclaralion of an abject éqguaks the Mel Torce an e abject dvidad Dy The
object’s mass. With a mathamatical modal, SCeantists can make predictions
abowut how objects will accelerate with a givwen force. This can be shown by
the mathematbcal moded, the acoeberabom g usstcn.

Acceleration Equation
StcHlerslen (In M’) = oo M

a=%

LEVEEF Connection In the PhET imeractve simadation, a force of Y00 N is
appiied to the wrapped present, giving it an acoekeration of 2 mds®. What is the
mass of the object?

-~
S0 kg

o w

Winat s the acceleraton wiwen o force of 2.0 N is applied 10 & Bl that s @
mass of 060 kg?

~ 3
3.3 m/s?

.

COLLECT EVIDENCE

Howw do The changes in metion Relp explain whal happens wihan you push
or pull 3 water 1ube? Record your evidence (A) in the chart at tha beginning
of the keszon.

B ExevosEEorLaN Moouke: Fonoes amd Moton



18 Explain Newton's second and third law, identify the action and reaction in forces, identify force pairs from giving scenario examples

Textbook, figure, 30

Opposing Forces In the activty st the beginning of the lesson, you moved
becaune the wall exected  force on you. This foros exsts Decause you were
pushing aganst the wall If you push ondy a IXthe amount against the wal,
tha wall will push onlly a ittle against you. If you push against the wall with a
lot of force, the wall wil push against you a lot. Newton also noticed this
phenomenon and described it by saying that for every action, there is an
equal andd opposte reaction It is now known as the third lew of motion,

Newton's third law of motion states that
when an object applies a force on
another abject. the second object
appries o force of the same strength on
he Tirst obpact, Dut the 10 is in the
ocpposhe direction. This idea explains
how helicopters and drones work, When
8 grone pushes the ar down, the air
prshes the drone up. Al partickes may
b small a0 NoL veary massive, but
pusshing a large amount of ak can oad to
a large push back.

THREE-DIMENSIONAL THINKING 1
What patterns exst between af forces that you apply 1o cbjects or
systems of objects?

When you push an object, the object will push back with the same
amount of force. This Is true for all forces.

COLLECT EVIDENCE

How do the foroes that are present when you lm

PUSN 0N AN OLIECT expiain what happens when "

the airboat pushes an the air? Record your €6 10 Be Foldabios® Shanry t sl &

evidence (A} in the chart at the boginning ofthe | * 2/dable™ that will help you take notes
while reaciing this lesson.

lesson.

64 ExmontExranN Modue Forces and Motion

2. Wil the boat work as claimed? Explan, using the diagram to support
YOUr arswer,

No. The boat will not work. The fan will push the boat to the right with
the same amount of force that the sall will push the boat to the left.
The net force on the boat will be zero.

3. What could be done 1o mQrowe the student’s boat design?
Answers will vary. Sample answers: The student could remove the

sail from the boat. Then the boat would push the air and move in the
opposite direction, The student could remove the fan, then sall with
the natural wind.

W7 '/ L) ARG () i | St [y ) [ i aen [ if 1) el [ ] | e S b ) ) S [0 V1) ] iRy

Force Pairs The farces described by Newton's third aw depend on esch
other. A force pair & the 50rces Two objects appdy 1o each other. Recall that
you can add forces 10 caiculate the not force. If the forces of a force pair
always act in opposiie directions and are always the same strength, wity
don't they canced each other? Force pakrs are not the same as balsnced
forces. Baarced farces act on the same abject. The force from grinity and
e 1orce from thie 110or At 00 e same abject—you—and are balanced.
In force paks, each force acts on a different object. Look
at the ball and the tennis racket below. The ball has the
force of the racket pushing i The racket has the force
of the ball pushing on it. The farces do not resull in & net
force of 2000 DOCHISH thy A<t on different abjects.
Adding forces can only result in a net force of zero If the
forces act on the same object.

Normal Force The force that pushes back is sometmes
caled the narmal force. The noemsal foree is 1he force
that pushas parpandicular to the cbject’s surface. Whan
you push on the wall, the wall has a normad force that Is
pushing straght out from the wall, When o tennis bal
Mls & 1ennis racket, the racket appies a noemal force
parpandicular 10 the racket. This is why a tennis player
will tum her racket when she wants to turn the ball to
the Jeft or right. The racket apples a normal force In the
direction that the player wants the bal to go

B6 sxmontExmanN Modde Forces and NMotion
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18

Explain Newton's second and third law, identify the action and reaction in forces, identify force pairs from giving scenario examples

Textbook, figure, 30

&4, 66,73

@ Three-Dimensional Thinking

A person is applying a force to the right on an abject as shown.
Use the model below to answer guestions 2 and 3.

2. What forces are acting on the person?
A aslightly smaller force to the left because the object is accelerating
@a force equal to the force applied going to the left
a force to the right 1o apply the force 10 the object
D aforce to the right because the object is accelerating

3. The persen is standing on ice with little to no friction. What will be the
mation of the person applying the force to the object?

A begin to move to the right because that is the direction of the push
B no change In motion because the persan is pushing the object
@ begin to maove to the left because the object pushes on the person

D begin to move te the right with the object

4. Which of the following systems does NOT represent a force pair?

@When you push on a bike's brakes, the friction between the tires and
the road increases,

B When a diver jumps off a diving board, the board pushes the diver up.

When an ice skater pushes off a wall, the wall pushes the skater off
of the wall.

D When a boy pulls a wagon, the wagon pulls back on the boy.

FUAILIATE | 82enn 3 Fares Paire 73




Cumtmctandpruentargumem:lﬂn;cmduxem?mpmt_lhedilmmitgrmﬂn_nilhnui:lhmamitumanddepmdunlhemimsuf book, f 1o 83 - 86, 93
interacting objects and their diatance

What factors affect the strength of a
gravitational force?

A pencil has less mass than Earth. Do they exert the same amount of force
on each other? What if there was a pencil on the International Space
Station? Would Earth exert the same amount of force on it as the pencil on
Earth's surface?

K INVESTICATION W/ 1/ L /1 4/ L 1 1 Ly sy /i

The Force of Gravity
How could you increase the force of gravity?

a GO ONLINE Explore the PhET interactive
simulation Gravity Force Lab.

After exploring the simulation on your own, reset the
simulation and follow the instructions below.

1. Determine how to change the force of gravity on the
object on the right. In the graphic organizer below,
circle the words that best describe your ohservations on how the force
of gravity on the object on the left changes.

When the force of gravity changes on one object, the force of gravity on the second
object always changes by

the same amount. a different amount.

2. Move the object on the right closer to and farther away from the object
on the left.

3. Complete the graphic organizer below using incregses or decreases to
explain how changing distance affects the force of gravity on the two

objects.

Decreasing the iNCreases ., torce of gravity on the first object.
distance between .

the two objects INCreases e force of gravity on the second object.

Increasing the decreases y, torce of gravity on the first object.
distance between d

the two objects QeCreases we force of gravity on the second object.

EXPLORE/EXPLAIN Lesson 4 Gravitational Force 83

4, Next, incresse the mass of the object on the nght. Then decrease the
mass of the object an the right.

5. Compiete the grap g USing MCreases o deCreasas to explain
how changing mass affects the force of gravity on the two cbjects.

Decreasing the QECTEASES e force of gravity on the first object.
mass of one of the decreases
two ohjacts JECTRASES yug force of gravity on the second ceject
creosng the INCrEASES gne force of gravty o the frst object.
mof'h INCIEBSES 4y force of gravity on the second cbject

6. Whnich law of motion expiains why the forca of gravity betwoen two
objects s the same for each object regardiess of its mass? Explan.
Newton's third law of motion states that when one object exerts a force

on a second object, the second object exerts an equal force in the
opposite direction on the first object. This law applies to gravity, too.

-~ -« "~ ~ws - - > ax 5 ra—

Gravitational Force and Mass When the mass of one or both cbyects

‘ the grani foroe b them also ncreasss, This is a
direct proportional relationship. Each oDject axens the same atraction on
the other cbject.

If both cbyects exert the same attraction on each other, why does it look like

the pencil fails toward Earth? The effect of mass on the force of gravity is

MOsE NOTICRADIe when 0ne oRIRCT is wery Massive, Such as & planet, and the

othar object has much kess mass, such as a pencil. Even though the farce of

gravity acts equaly on both ocbjects. the less massive cbject accelerntes

moee guickly due 10 Its smaller mass. Because the planet accelerates so

sioratdy, ol you olserve is the object with less mass Effect of Distance
“falling” 1oward the obiect with greater mass.

on Gearity
Gravitational Force and Distance As the distance
between cbjects Increases, the attraction between
objects decreases. This s an inverse proportions
relationsivp as seen in the graph on the right. Foe !
example, ¥ your mass is 45 kg, the grandtationad force
betwoen you and Earth & about 440 N. On the Moon,
about 384,000 km away, the graviational force
Distance

between you and Earth woulkd only be sbout 012 N,

B4  ExmoneExrLAN Module Forces and Motion



Cnrstmctandpmentargumemsusin;cmdutelu?q:m't_lhedilmﬂmymﬂn_nalhmuhmammﬂ:ﬂwandmﬂmdmlhemimuf book, i o 83 - 86, 93
interacting objects and their diatance

Read a Scientific Text

[XIESIEETER Connection | in the late 16003, Sir Isaac Nawson, an
Engiish scentist and mathematician, studied the effects of gravity on
obyects on Earth and in space. From these studies he wrote Newlon's
Privcyna. The Mathemaoticod Prinopves of Natura Fhiosapdny: In the
taxt he Summar@ed the three liwws that govern all motion and the liw
of univarsal grasvitation

O Three-Dimensional Thinking

The model below represents & stie orbiled bry two planets—Panet A and
Planet B. The star is also orbined by a mysterious abject, Object X, which
entered into the star's gravitational fiekd. The star is the most massive
object, followed by Planet B, Planet A and Otyect X. Use the model %o
arswer guestons 3-4.

Mathematical Principles of Natural Philosophy Piarat A Planet ) R
Inspect by Sir Isaac Newton 2 ‘ »
Read 1w Dassege Newios s
Arincipso. The Mashomotiooy Lastiy. ¥ aly spp By enperen oy
Princyptes of Natuey Msasopiny: asronomec sl otmervanions. Tae ol Dodes abhout the earth

QHIAIING IWIres The Gartil ars Tal i) Propaios 30 The Guartity

of mamer which they sevveraily conten, that the moon loress,
Sccording to the querity of its Mmate Qrirstates iovweds e 3. W the model above, how is the mass of the objects represented?
@mmunmownuwmm,
Of 1res rubl, unnersally sbow Tt Ml DOSES SO WT MO T is
ke of P tee B8 The mass is represented by the distance between the objects.
(O e sRPerances CoNCtes with sore force for he € The mass is repressned by the color of the obpects,
Unksresy gravstation of ol Dodies than 1or thek Impenetoabilty of
WiNCh, among these in PP Colsial gInNs, we have Ao D The mass is not represented.
espe ® nor sy v of cbenrestion. Nat e | attiems
Qrire ity 50 DE essential 10 DOSES by ther WS NSO [power
,::." N” T‘m' Mmmlummml “"."' g 4. The graviaational force from Planet A on the ster is shown in the model
ot e the oot Ho\nmum:ummmpmthtqumwmtmw
Planet A be represented?
o » The Maer e rcpie o N -
il . oo A Rt should point from Planet A toward the star and wil be longer
because the s1ar has more mass.
THREE-DIMENSIONAL THINKING 1 @-mmnommmAmamuwwnmnw
On the figure below, add arrows to model the se and direction of the size because It Is an equal and opposite farce.
force of gravity for the missing forces in each system below. € 1t should point from Planct A Soward the star and will be shorter
Crange in Mass Change in Distance because Planet A has less mass

‘.. 4.‘ O—»q—‘ O There s 0 o 1 epresent Bocause graviasonsd rce & ary
®— ._0 — —D

&S | o -o

EXPLORE EXPLAUN Lesson 4 Graviiationy Force 885




20

Define kinetic energy as the energy of mation, Describe the relationship between mass and velocity in determining the amount of kinetic energy.

textbook, figures, 30

116, 123

Kinetic Energy and Mass Did you notice in the Lab Mass Motters that the
Sphere with the larges! mass created the largest cratee? As 1 fell it had
Mnetic enargy. Whan & ht the clay It created a leger crater because it had
mare kinetic encrgy than the spheres with less mass. A maving object’s
Kinetic energy depends on its mass. i a baseball and a tennis ball move ot
the same speed. the ball with more mass has more kinebc energy

Look @ the figure Delaw. Note the vertical Dies. These a6 energy bars
Energy bars show relative amounts of energy. The mare full the bar, the more
energy the object has. The tennis bal and the baseball are traveling at the
same speed. but the baseball has a greater mass. For cbjects traveling ot
the same speed, the more mass a0 abiject has, the greater 25 kinelic energy.

Q.,Hg

mess =589 *E mass =
W0eed = MEann SONN0 = W5 nh

The relationship Detween mass and kinetic energy is a proportional, linear
relationship that can be desaibed mathematicaly

NE = m

THREE-DIMENSIONAL THINKING \
For ench system determine how the quantty of kinetic energy
wonlk] PCrease or decrease

1. ¥ the mass of an object Is increased by a factor of 4, kinetic energy

4

Increases by o factor of

2. Mahe mass of an object is do(reusfd by & facior of i.. Krlic erergy

decroasesbyatactarod Q.

COLLECT EVIDENCE
How does the mass of the ball detamine haw far the bal will trave!” Recard
your evidence (A} in the chart at the beginning of the lesson,

M6  sxronEExman Modue Mechanical Erergy

Q Three-Dimensional Thinking

2. Alden collacted canned goods for a naighborhood service project. He
pautied a plastic wagon behnd him 0 put the Hems n. From the time
Alden began unth be finshed collecting. the mass of the wagon tripled.
The walk Boack 50 Aden's house was doantsll and the speed of the
wagon tripled. What happenad 10 the Knedic energy when the mass
tripled? What happened to the kinetic energy when the speed tripked?

A When the mass tripled. the kinetic energy increased by o factor of 3.
When the speed tripled, the kinetic energy incressed by o factor of 3

® When the mass triphed, the kinetic energy increased bry @ 1acior of 3

When the speed tripled, the kinetic anergy increased by a factor of 9.

C  When the mass tripled, the kinetic energy Increased by a factor of 9

When the speed tripled, the kinetic energy increased by a factor of 3,

D When the mass triphed, the kinetic energy ncreased by a Tactor of 9

When the speed tipled, the kKinetic anergy inCreased by a factor of 9

The figure bedow shows Mass and relsive kinelic energy in energy bars foe
three vehicles

3. What can you determine about the speed of the biue car?
A The blue car's speed is the same a8 the red car's speed
B The blue car's speed is 1ess than the truck's speed
C The blue car’s spoed Is equal 10 the truck’s speed.
@ The blue cor's speed Is greater than the red car's speed.

CVALLIATE Lasson 1 Knote Ensrey 123




Construct a scienttific explanation based on evidence from rock layers for how the geologic time scale is used to build a timline and organise Earth's
Textbook, figures, 30
history, Define index fossils and recognise
g Define mutation, Identify different types of mutations, and Explain the cause of mutations and how mutation azfect organizms Textbook, figures, investigation, 30 1,140
g %ata the evidence fouund on the Galapagos island and how it supported the claim that variations helped individuals survive in their environment and Textbaok, figures, 30 89,90, 91
eventally evolve by Natural selection

F Compare between relative-age dating and absolute-age dating according to precision and aacuracy given for the fossil age and the proceduer (way) texthook, table 137
!’ used to determne the age of a fossil

1. Analyze distance=time graphs used to represent a journey traveled over a period of time, calculate speed, 2. represant forces on any object and

5 define balanced force and explain why objact are stationary, 3. describe and list the estimated values of kinetic and potential energy for projectile texthook, figures, 30, review 29,32, 49,52 55, 185
objects



Construct a scienttific explanation based on evidence from rock layers for how the geologic time scale is used to build a timline and organise Earth's

histary, Define index fossils and recognise

Textbook, figures, 30

36, 39

Cazgriget © MeGrant8l Laocatior  foeathan Diwe/Cor s Soramersary

Sty lmagen

THREE-DIMENSIONAL THINKING
Scientists hypothesize that a meteorite impact might have caused the
mass extinction that occurred when dinosaurs became extinct. Evidence
for this impact is in a clay layer containing the element iridium in rocks
around the world. Iridium is rare in Earth rocks but common in meteorites.

Analyze the image below.

Nearly all fossils below the iridium
layer in Earth’s rocks are different
from those above, indicating that
a mass extinction occurred.

1. Would you expect to find dinosaur fossils in undisturbed rocks that
are above the iridium layer? Explain your answer.

No. The rock layers above the iridium layer are younger. The
iridium layer marks the mass extinction of the dinosaurs.

2. How does the structure of a distinctive layer that is used as a marker
determine its function?

If a layer is distinctive enough, it can be used for correlation, and
for dating events above and below it.

-

Key Beds As you just examined, a large meteorite strike, volcanic eruption,
or other major event can leave a unigue layer in the rock record. Because
these types of layers are easy to recognize, they help geologists correlate
rock formations in different geographic areas where layers are exposed.
A rock or sediment layer used as a marker in this way Is called

a key bed. Using the principle of superposition, geologists

know that the layers above a key bed are younger than the _
layers below it. —Z

Not all of Earth's major events leave distinctive key beds, but they
do leave evidence in the rock record. In the following investigation,

you will explore how the type and order of rack layers can be used as
evidence for the formation of mountains.

EXPLORE/EXPLAIN Lesson 2 Building a Time Line

39

Correlation As you just explored in the It's a Match
investigation, geologists fill gaps in the rock record through
correlation (kor uh LAY shun)—the matching of rock layers or
fossils exposed in one geographic region to similar layers or
fossils exposed in other geographic regions. |f the rock
formations are very far apart or even on different continents,
geologists often rely on fossils. If two or more rock formations
contain fossils of about the same age, scientists can infer that
the formations are also about the same age.

Not all fossils are useful In determining the relative ages of rock layers. The
most useful fossils represent species that existed on Earth for a short length
of time, were abundant, and inhabited many locations. These fossils are
called index fossils.

THREE-DIMENSIONAL THINKING
Analyze the time scales for the following fossils.

Time Lived on Earth

1 Moneshoe cred
L
Crinakd " Glant ameenites
I Dvimnvod |
Triobile | w } Sefgo
. L Coslacanths »
) R
500 400 300 200 100 Presont

Time (millions of yoars ago)

Which fossils could be index fossils? Explain your choices.
The trilobite, brachiopod, crinoid, and ammonites could be index

fossils because they existed for the shortest time periods.

"

The correlation of fossils and rock layers aids in the relative dating of rock
sequences and helps geologists understand the history of larger
geographic regions. It is largely through correlation that geologists have
constructed Earth's time line,

COLLECT EVIDENCE
How do geologists fill gaps in the rock record? Record your evidence (A) in
the chart at the beginning of the lesson.

36 EXPLORE/EXPLAIN Module: Geologic Time
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Define mutation, identify different types of mutations, and Explain the cause of mutations and how mutation aafect organisms Textbook, figures, investigation, 3D

Cope € WAL b s

Mutations Recall that genes are located on chromosomes and that each
pair of chromosomes contains two variants of a gene. Each gene controls
the production of specific proteins, which in turn cantrol traits,

A MUELABON is & PRIManent Changs in the sequence of DNA. Changes in
genetic matarial Can resu in the production of different proteins. This
change can alter an arganism’s trats, Mutations can also be tiggered by
envirormental foctors such as exposure to X-rays, uliraviolet hght,
rachoacive materals, and some chemicals,

WHan an ceganisas phanotype, how a 1rail JpPears of & exXpressed,
changes in response to its erwvironmant, the arganism’s genes are not
offected and the change cannot be passed on 10 the next generation. The
only way that & tralt can change o that it can be passed to the next
GEORTALON & Dy MUlAlicn. o CANGING an rganism’s genotype.

Amnough all genes can mutate, only mutated genes in 0gg of sperm colls ae
Ihertied. Some mutations in egg or sperm celds ocour If an organism IS exposed
10 harsh chemicas or severe radistion. But most mutations cocur randomiy.

Types of Mutations There are many types of DNA mutations. In a deletion
mutation, one o More nitrogen bases are left aut of the DNA sequence. in
an insertion mutaticn, one or mare Nitrogen bases are added to the DNA.
In a substitution mutation, the nitrogen base is replaced by a dfferemt

nitrogen base,
Crigial DML
sequerce
The €6 base pas has boes
repkaced with 3 T4 ek
COLLECT EVIDENCE

How do mutations, Such as the mutation that caused the white
colafing of the allgaor at the beginning of the Ksson, ccowr? Record
Your evidence (B) in the chart at the beginning of the lesson.

EXPLOREEXFLAIN Lesson | Mow Troits Chonge 19

Mutation Classification

A mutation can be negative, positive, or neutral. A positive mutation is
beneficial to an organism. A negative mutation is harmful to an organism. A
neutral mutation is neither beneficial nor harmful, and may not appear in the
phenotype. Classify each of the following mutations as positive, negative, or
neutral. Record your answers in the table.

71,74, 77

Mutation Effects Positive Negative | Neutral
Eye color Genes for brown eyes are

mutated and the individual has

blue eyes. X

Lactose tolerance Due to a mutation, human adults
are able to process lactose unlike

other mammals. X

Coler blindness Due to a mutation on the X
chromosome, a person cannot

see certain colors. X

Choose one of the above mutations to research further. Finally, create a short public service
announcement, in your Science Notebook, explaining one of the three mutations.

oI )8 A § ¥ A A 4 G L ST /Y 67 N f G L] { AR [T £ £ [ 5 /0 'lldl‘

THREE-DIMENSIONAL THINKING
Predict the effect of a mutation which limits the production of pigment
in hair.

Students should predict that the animal would have white hair or

hair with no color..

COLLECT EVIDENCE

What are the results of a mutation, such as the white coloring of the alligator
at the beginning of the lesson? Record your evidence (C) in the chart at the
beginning of the lesson.

Copright © MGraw 1k Edu



Define mutation, identify different types of mutations, and Explain the cause of mutations and how mutation aafect organisms

Textbook, figures, investigation, 3D

71,74, 77

Cappright © WeGraw-Hil Eucation

@ Three-Dimensional Thinking

Use the diagram below to answer the following questions.

<

Before Replication After Replication

2. The diagram above shows a segment of DNA before and after replication.
Which could have occurred as a result of this change in structure?

A changes to the genotype of the organism
B changes to the traits of the organism

C changes in the production of proteins

eall of the above

3. The mutation shown above resulted in muscle degeneration. The effect of
this mutation is that muscles become progressively weaker. What type of
mutation is this?

A positive
B neutral

@ negative

D none of the above




Sate the evidence fouund on the Galapagos island and how it supported the claim that variations helped individuals survive in their environment and

eventally evolve by Matural selection

Textbook, figures, 3D 89, 90, 91

Common Ancestors Darwin became convinoed that all the tortose specihes
were redated. Me thought they al shared a common ancestor, Me suspected
1hat @ s10mm Nad Carrdd & small ancestral 10Noke popudation ¥ one of the
slands from South Amarica millions of yoars bafore. Eventually, the tanaises
spread to the other slandds. Over many generations, cach island’s torolse
popuiiation developed o neck length and shed shape that made It easier Lo
access ther slands’ food sources

Variations and Competition Darwin did not know about genes. But he
realized that variations were the key 1o the puzzie of how populations of
torioises and other organisms evoived. Darwin understood that food Is a
imiting resource, which means that the food n each isfand environment
COUN] NOL SUPPAN every Lortose that wis Bom. Tortoses had 10 Compele
with @ach other for food

As the torioises spread (o the varlous slands, some ware bom with random
variations in neck length and shel shape. If o varistion benefited a tortolse,
Hlowing 116 compete for food betier than other Wondises, the Lortase Ived
onger. Because & lived longer, it reproduced more. It passed on its variation
10 its offspring

. Reprodection o Marwmeon
A POpUAiee Of Dorioees produces many offspniag thal AN 5 DO with & wrkason 1hat makes s
PSS S ORISR neck SETly ongey

O cernpenrin O seectinn ;
Dwe to Srited resowrces, not ol ofspriag wil suvive, An Ower time, 1o wyia®en s imberted by more 304 maee
offspring with 4 longer rech can oot mare cacd Man other offigring Boertaaly, of 1anasm have longes nechy

3

teaiames It ves kanger ard podece more ataneg

that alted

EIEEA® Connection! Darwin served as a naturalist on the HMS Beagle,
a survey ship of the British navy. During his voyage around the world,
Darwin observed and collected many plants and animals. Darwin was
especially interested in the organisms he saw on the Galapagos (guh LAH
puh gus) Islands. The islands, shown in the figure below, are located 1,000
km off the South American coast in the Pacific Ocean. Darwin saw that each
island had a slightly different environment. Some were dry. Some were more
humid. Others had mixed environments.

&

Intermediate tortoise
« shell shape is between
1 dome and saddleback
Domed tortoise + can reach low and high
« shell close to neck vegetation
« can only reach low
vegetation

Saddleback tortoise

« large space between shell
and neck

« can reach high vegetation

= rroises
Tortoises Giant tortoises lived on many of the islands. When a resident told w K different

/

ich
Darwin that the tortoises on each island looked different, as shown in the depe"dmg on W\:nt
figure above, he became curious. island E“V‘r_onm
thew -mhoblt.

Finches Darwin also became curious about the variety of birds on the
islands. Later, he was surprised to learn that many birds he collected were
all species of finches despite their different appearances. Like the tortoises,
these finches lived in different island environments.

Traits and Environment Darwin recognized the relationship between each
species and the food source on the island it lived on. Tortoises with long
necks and a large space between the shell and neck lived on islands with
tall cacti. Their unique necks and shells let them reach high to eat the cacti.
The tortoises with short necks and shells close to the neck lived on islands
with plenty of short grass.




Sate the evidence fouund on the Galapagos island and how it supported the claim that variations helped individuals survive in their environment and

eventally evolve by Matural selection

Textbook, figures, 3D

89,90, 91
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Theory of Evolution by Natural Selection After
years of research, Charles Darwin developed
the theory of evolution by natural selection.
Natural selection is the process by which
individuals with variations that help them
survive in their environments live longer,
compete better, and reproduce more than those
that do not have the variations. Natural
selection explains how populations change as
their environments change. It explains the
process by which Galdpagos tortoises became
matched to their food sources. It also explains
the diversity of the Galdpagos finches. Birds
with beak variations that help them compete for
food live longer and reproduce more.

COLLECT EVIDENCE

How does natural selection lead to

changes in populations of organisms, such
as orchid plants? Record your evidence (B)
in the chart at the beginning of the lesson.

Darwin studied the diversity
of Galapagos finch beaks.

&2 GO ONLINE for additional
opportunities to explore!

Investigate natural selection by performing one of the following activities.

D Interact with the PhET Interactive  OR [:l Watch the Animation Natural
Simulation Natural Selection Selection.

4" THREE-DIMENSIONAL THINKING
&J Explain the conditions that led to the changes in the tortoises on

the Galdpagos Islands.
Sample answer: There were more offspring than could survive,
variation in neck length and shell shape, and competition for
resources, which led the tortoises with variations in neck length
and shell shape to survive and reproduce, and the variations to

become more common over time.




Compare between relative-age dating and absolute-age dating according to precision and aacuracy given for the fossil age and the proceduer (way)

texthook, table 137
used to determne the age of a fossil

The Fossil Record You may have guessed that
the fossils at the bottom of the image were much
older than the fossils at the top. The fossils at the
bottom were left by animals that existed long
before the fossils at the top.

These fossils help make up the fossil record.

The fossil record is made up of all the fossils
ever discovered on Earth. It contains millions

of fossils that represent thousands of species.
Most of these species are no longer alive on
Earth. The fossil record documents the
existence, diversity, extinction, and change of life
forms throughout the history of life on Earth.

Scientists cannot date most fossils directly. Instead, they date the fossils huve‘
rocks the fossils are embedded inside. Rocks erode or are recycled found O“.“J &
over time. However, scientists can determine ages for most of Earth’s  califor®
rocks. Examine the table below to learn how scientists determine the

age of fossils.

Relative-Age Dating Absolute-Age Dating

« Inrelative-age dating, scientists determine the « Absolute-age dating is more precise than

relative order in which rock layers were
deposited. In an undisturbed rock formation,

the top layers are youngest.

- Relative-age dating helps scientists determine
the relative order in which species have
appeared on Earth over time.

they know that the bottom layers are oldest and

relative-age dating. Scientists take advantage of
radioactive decay, a natural clock-like process in
rocks, to learn a rock’s absolute age, or its age
in years.

In radioactive decay, unstable isotopes in rocks
change into stable isotopes over time. Scientists
measure the ratio of unstable isotopes to stable
isotopes to find the age of a rock.

Geologic Time It is hard to keep track of time that is billions of
years long. Evidence of microscopic, unicellular organisms has
been found in rocks 3.7 billion years old. Scientists organize
Earth’s history into a time line called the geologic time scale. The
geologic time scale is a chart that divides Earth’s history into
different time units. The longest time units in the geological time
scale are eons. Earth’s history is divided into four eons. Earth's
most recent eon—the Phanerozoic (fa nuh ruh ZOH ihk) eon—is
subdivided into three eras. Examine the geologic time scale on

the next page.




1. Analyze distance=time graphs used to represent a journey traveled over a period of time, calculate speed, 2. represent fiorces on any object and
define balanced force and explain why object are stationary, 3. describe and list the estimated values of kinetic and potential energy for projectile

textbook, figures, 30, review

29, 32, 49,52, 55, 185

objects
1 I

Distance-Time Graphs The plot you made in the Investigation Plot It is Dlstasr;:;-"‘l'lme Real-World Connection
a distance-time graph. This type of graph shows how an object's
position changes during each time interval. A distance-time graph does £ gg =] a 'ns m' ot AN s oy Ta it ot wn & P
not show you the actual path the object took. T 40 /: ‘ i

30 1—t
Did you notice that the line through the points in the investigation ; 20 |
wasn’t completely straight? When an object is moving at a constant 'E 10 ; ;
speed, the line will be straight. The steeper the line, the greater the e
slope, which means the greater the speed of the object. Time (s)

If the slope of the line changes, this means the speed of the object has
changed. Even if the speed has changed, the average speed can still be
calculated.

) GO ONLINE for additional
opportunities to explore!

Investigate position and motion by performing one of the following activities.

|| Use models in the PhET Interactive OR [ | Find patters by examining changes
Simulation The Moving Man. over time in the Lab Calculate
Average Speed from a Graph.

THREE-DIMENSIONAL THINKING ~
Analyze the data on the plot below. Determine the speed of the
hawksbill sea turtle during each interval listed below.

Hawksbill Sea Turtle

Tracking Data
24 I . f| DayO today2: 5 km/day
22 7
20 |— /
§ :: ] F 4 Day 2 to day 3: 2 km/day
=
8 2 ]
.gr 1: r Day 3 to day 4: 0 km/day
6
a 1L
: Day 4 to day 6: & km/day
O 2 o9 & & 8
L Time (days) )
COLLECT EVIDENCE

How do time-distance graphs help you understand the motion of the train?
Record your evidence (D) in the chart at the beginning of the lesson.

EXPLORE/EXPLAIN Lesson 1 Position and Motion 29

The elevator went down 4 m at a constant speed for 1 min, It then
stopped for 1 min. It went down 4 m in 1 min, stopped for 1 min, and
went down 2 m in the final minute.

5. Colculste A driver travels 55 km in 1 hour, He then debvis o & speed of 35 kv
for 2 hours. Naxt, he diives 175 km in 3 hours. What was NS average speed?

CSO km/h

Still have questions?
Go onling 1o check your understanding about

L pasition and motion.

Rmsxr Do yous stHl agree with the STA RT

SLAlermant you Chose o the
A PROBES 1o the Scrrce Probe st the EM Module Project
beginning of ?he lesson. Explain
why you agree or disagree with
that statement now.

Challenge

he difterences betwean
position and motion, 9o 1o

your Modue Praject to
EXPLLIN Revisit your clvm about how determine the crteris and
THE PHENOMENON  YOU Can describe posiion Constraints of your design.
and motion of a tran. Review Keep in mind any
the evidence you collected societal or
Explom how your evidence erwrkonmentsl
/,: SUPPOIS your daim Impacts
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objects

When all the arrows are added together, the result it is

called the net force. The net force is the sum of all the F

forces acting on an object. To model the net force, simply h ( > E;
add together the forces in the same direction and

subtract the forces in the opposite direction. The sizes of

the arrows show how much is added or removed. Then F
draw a free-body diagram of the net force.

3. Make a free-body diagram for the net force on the object shown below.
The object is sliding across a surface with friction.

Sketch should show a free-body

?@—F’ diagram with net force to the right but
less than F.

4. An object is pushed to the right with 10 Newtons of force, and pulled to
the left with 20 Newtons. Sketch a free-body diagram of this system, and
draw a diagram with the net force. Ignoring friction, identify the direction
and motion of the object.

-
Sketch should show a free-body diagram with a force to the left

that is twice as large as the force to the right. The net force will then
be depicted as an arrow to the left that is half of its original size.

When multiple forces act on an object, the forces will add together and act
as a force in one direction. In many cases, the change in motion is in one
direction but is a result of many forces. The motion of an object is
determined by the sum of the forces acting on it. If the total force on the
object is not zero, its motion will change.

EXPLORE/EXPLAIN Lesson 2 Force and Acceleration 49

Balanced and Unbalanced Forces In the
figure to the right, students are playing tug of
war. Both sides are pulling with the same force,
so neither side is winning. If the forces acting
on an object are balanced, the object’s motion
does not change. Balanced forces are forces
that cancel each other. The only way for a team
to win is to have unbalanced forces, when one
team pulls harder than the other team. When
the forces are unbalanced, the rope and
everyone holding it will accelerate in the
direction of the net force.

Balanced forces can act on objects that are
moving as well. Recall that for an object to
change its motion, a net force must be acting
on it. As a boat pulls the water tube at a
constant speed, the net force must be zero.
According to Newton'’s first law of motion,
balanced forces cause no change in an object’s
velocity. This is true when an object is at rest or
in motion. The skiers in the figure to the right
are being pulled up the mountain at a constant
velocity. Even when they are moving and
pulling on the rope, the net force Is zero.

THREE-DIMENSIONAL THINKING N
In what ways does Newton's second law of motion describe stabillty and
change of any system that has forces acting on it?

Answers will vary. Sample answer: Stability can be obtained
by balanced forces. This stability can only be changed by an
imbalance in the forces acting on an object.

\ S

COLLECT EVIDENCE

How do multiple forces help explain what happens when you push or pull a
water tube? Record your evidence (C) in the chart at the beginning of the
lesson.

52 EXPLORE/EXPLAIN Module: Forces and Motion
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O Three-Dimensional Thinking

An object has a farce acting on & 10 the right and has a frictional force 1o the
left as shown below. Use the moded below to answer questions 2 and 3.

D

2. What change in motion wilkl result from the forces modeled?

A There will ba ne change in Motian because the 1ICes e in opposte
directions.,

B The obyect wikt slow down because of the friction force
B The obipect will acoeberate 10 the right
D The obyect will acoakvate to the left,

3. What would & model of the net force look Tke?

A The arrow would be 10 the right al the same length as before,
because ¥iction is a dfferent force.

@ The arrow would De to the right but shorter than before to acoount
for the fnction force,

C  There would De no nel foroe Decause the two forces are in
appasite drections.

D The arrow would be to the left because friction Is siowing the
object doan

4. Atrain moves at a constant speed down a straight track. Which of the
following scentific explanations is true?

A No foroes act on the train as it moves
B The train moves Decause no 10rces ae acting agarst it

g The forces of the troe's engine balance the force of friction
opposing it

D Anunbalanced foroe wseps the train moving,

Summarize It!

1. Model Croate a modal to Hlustrate the Interactions that aMect the

amourt of potential energy an obyect might hove

.

{ s
The model should include that mass and distance from Earth’s
surface affect the amount of potential energy an object might
have. The model should include that changing the shape of an
elastic object increases the amount of elastic potential energy an
object might have (such as stretching a rubber band)

J

138 TvALUATE Modube: Nechanical Enesgy









