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Life Cycle of a Star Vocabulary : '

* @

Life cycle of a star £ e |

The sequence of G
changes that occur .. R
in a star as it ages.

Q :
P Quick Action - INB Templates Litz Cycle of a Siar Vocabulary

Where do stars come from?
Interstellar medium
*A thinly spread area
of gas and dust
*The gas is mostly
hydrogen (H,)

*The dust is mostly
carbon (C) and
silicon (Si)

Life Cycle of a Star

ite Cyclucta s

1. Cut out the Life Cycle of
a Star template.

2. Glueitinto your journal.
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lile Cycle of a Star Vocabulary

Nebula

« Interstellar medium
begins to collect inlo
big clouds.

+The birthplace of stars,
as stars are made up
of gas and dust.

« "Star Nursery”

Life Cycle of a Star Vacabulary
Protostar

- Inside ihe nebula are regions
of greater and less gravily
causing lhe gas and dusl o
puli together.

« As more aloms galher, their
gravitational atiraction
increases.

- Not a very stable phase
because many reaclions are
occurring within the
protosiar.

Life Cycle of a Star Vocabulary

Equilibrium
* A batile between
gravity and gas pressure
-Reactions within life
cycle phases where
gravily and gas pressure ;
are constantly .
changing.
+ Equilibrium is reached
when both are equal.

Life Cycle of a Star Yocabulary
A Staris Born -

*when a critical
temperature in the core
of the prolostar is
reached and nuclear
fusion begins.

+Hydrogen (H,) begins
fusing into helium {He).

Life Cycle of a Star Yocabulary
Star

+ An exiremely hol ball of gas,
with hydrogen (H,) fusing into
helium{He)at ils core.

+ Spend mos! of thelr lives fusing
hydrogen

+ When the hydrogen s used
up. slars fuse helivm lo
carbon

« They are always Irying to
achieve equilibrivm

Life Cycle of o Siar Yocabulary

Main Sequence

« Stars live oul mos! of their
lives in this phase.

- Stars have achieved
nuclear fusion.

« Stars slays at equilibrium.

- Sfars radiale (shine) energy
info space.




Life Cycle of a Star Vocabulary

Low Mass Stars in Main Sequence
The mass of a star determines
what happens to it after living
most of its life in Main Sequence.

3/17/20

Life Cycle of a Star Vocabulary

Low mass stars - Our Sun -
*Very low mass stars * A medium sized, low
such as red dwarfs, mass star
are half as massive «Spends about 10
as the Sun billion years in Main
-Can live 80 to 100 Sequence,
billion years in Main - A Main Sequence
Sequence. star for about 4.57
billion years.

Life Cycle of a Star Vocabulary
Red Giant

* Phase aller Main Sequence

+ Low and high mass Main
Sequence slars progress to Red
Gianls.

* Ouler gasiayers of Ihe star
expond

= As Ihe slar uses allils fuel ils core
shrinks.

* Red In color
* High luminosily

life Cycle of a Star Vocabulary

Planetary nebula

+Occurs al the end of a low
mass Red Giant's life.

*The ouler layers of the star
are expelled.

- The core is very hot and
luminous.

* The outer shell appears as
bright colored gas clouds.

Llife Cycle of a Stay Vocabulary
White Dwarf :

* Forms when a low mass slar runs
oul of fuel.

* The core of a planelary nebula

+ Final slage in the cycle Tor low
mass slars

« Incredibly dense

- Gravily Is 350,000 limes thal of
gravily on Earlh.

* Wil change colors as Il cools

life Cycle of a Siar Vocabulary

Black Dwarf
*End produci of a White
Dwarf

«The last stage of stellar
evolution for low mass
stars

*No longer emits heat or
light

*No longer a star
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Life Cycle of a Star Vocabulary
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Life Cycle of a Star Vocabulary

Life Cycle of a Star Vocabulary

High Mass Main Sequence

The mass of a star determines what
happens to it after living most of its life
in Main Sequence.

Life Cycle of u Slar Yocabulary

High Mass stars -

«10 times as massive as our
Sun

*Remains in Main Sequence
for about 20 million years.




Life Cycle of a Siar Vocabulary
Red Super Giants

*The same thing as a
giant star only much
bigger.

*As a star gets older it

begins to run out of
fuel and expand.

Life Cycle oi a Star Vocabulary

Supernova

* Last slage of a massive star's
life

* Occurs as the slcrrun_s out of
nuclear fuel, some of ils mass
flows info ils core.

« Core becomes so heavy Ihal
it cannol wilhstand its own
gravilational force.

* The core collapses and resulls
in a giant explosion.

Life Cycle of q Star Vocabulary

Neutron Star

* The core left behind in o
supernova

« Very dense - 1Tsp. = 1billion {ons

* Gravily is 2 billion limes 1hal of
the gravily on Earih.

* Gravily presses lhe malerialin
onilsell so lighlly tha! prolons
and elecirons combine to make
nevulrons, yielding the name
“neulron slar",

life Cycle of a Siar Vocabulary

Black Hole

« Forms when very
massive slars collapse
al the end of their life
cycle

* A large areain space
with a very strong
gravitational pull

* Nothing can escape,
even light.

ey X
I;;é«‘r* Quick Action ~ Life Cycle of q Star

:‘Lome Ute Cycloof o Slar  High Mass

£ '.“!v.”u

i

= : % -
= Quick Aciion - Life Cycle of a star

-l

[

Journal Activily

*In your INB wrile a
passage that
compares the human
life cycle 1o the life
cycle of a star.

* Provide as much
detail os possible.




P
é—’n Check for Understanding

Can you...

1. Describe why a star
goes through a cycle?

2. Predict what stages a
low mass star will pass
through in its lifelime?

3. Labela blank Life
Cycle of a Star

diagram?

3/17/20
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Life Cycle

L]

ofa Star  ~ LR
Enish Crossiers

Name

puztle

2

L

10

Across

4. a contracting of gas that represents an
early stage in the formation of a star

6. a high mass, giant star that has
consumed its core’s supply of hydrogen
fuel

10. when a low-mass star has exhausted
all its central nuclear fuel and lost its
outer layers

11. a ring-shaped nebula formed by
expanding shell of gas around an aging
star. Planets are formed here.

12. Most stars in the universe are this
type of star

13. a theoretical star remnant; a cooled
white dwarf that no longer emits
significant light or heat

Down

1. a state of physical balance

2. the matter that exists in the space
between the star systems in the galaxy
3. a fixed luminous point in the night sky
that is a large, remote incandescent body
5. a very large high luminosity star and
low surface temperature

7. where stars are born. “star nursery”
8. a star that suddenly increases greatly
in brightness because of a catastrophic
explosion that ejects most of its mass

9. Highly dense star predominantly of
closely packed neutrons

© KeslerScience.com, 2016
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Life Cycle of a Star Assessment Name

1. How does the life cycle of humans compare to the life cycle of a stare

2. is thinly spread hydrogen
gas and carbon and silicon dust.

3. are known as the birthplace of stars.

4. A protostar developsina nebula as _ causes the gas and dust

to pull Togéfher.

o

A staris bornwhen nuclear fusion begins. In this process

fusesinto

Whatis a star?

o

7. Starslive most of their lifetime in this phase.

8. The of astar determines what happens toit after living out most
of its life.

9. The Is a medium sized star and will live about 10 bilion years in Main
Sequence.

10. Explain why low mass stars will live longer than high mass stars.




Life Cycle of a Star Assessment Name

11.0ur Sun’s next phase will be

12.During the Sun's next phase its outer layers will andcool
changing froma yellow starfo a star.
13.A forms as aRed Giant's life ends.

14.This phase of a stars life forms whenthe star has run out of fuel and is the final stage

in the cycle for a low mass star.

15.High mass stars end their life in a huge explosion called a

16.The core or ' ‘ left behindin this explosionis very

dense with gravity 2 billion fimes that of Earth.

17.The last stage of stellar evolutionin high mass starsis a

In the diagram below label the phasesin the life cycle of a Jow mass star.

19.

20.

18.

el

2 O

22.
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Planets
Planet definition
A celestial body

moving in an elliptical
orbit around a star.

Planets

Some Characteristics
Include:

« Color

* Proximity to Sun

«Size

-Speed

- Density

* Physical/Chemical make up

sz Quick Action - Inner and Outer Planeis INB

INB Template

N Template
Y- X C; }. 7 P
1. Cut out the planets T

template. 7
2. Glue it to your journal

° V/hal are tho Whal aro Ihe
Q‘Ong the 2 Sklnny characleristics characleristics
tabs. of Ihe Innet ol fhe Ouler
Plancls? Planels?

Planets

Inner Planets compared
to Outer Planets

*Mercury, Venus, Earth,
Mars

* Closer together
*Terrestrial, rocky
*More dense
*Smaller

- Shorter revolution
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Q . . .
Planets d{;— Quick Action - Gravity INB Templaie

Ovler Planels compared :
to Inner Planets i How doas
« Jupiter, Solurn, Neplune, INB Template ) i ot |h§'nl;gn

Uranus 1. Cut out the gravily oravity? | o
« Farther apar! 1emp|cn‘e. ; g‘,’c','ﬁf,':
* Made up mostly of gos 2. Glue it to your journal ;
- Less dense along the 2 skinny P wnatito | berete
- Larger tabs. H gaverns ol Rl
« Longer revolution :{MJ. eI
« Less known about them i ""'y;fu !“°“;" gavily?
Plunets Planets

Gravity — Whatis it2

A natural force of
attraction exerted by a
celestial body on objects
that are on or nearits
surface.

Gravity — How does the mass
on an object affect gravity?

The greater the mass of
an object, the more
gravitational force is
exerted on other objects
around it.

Planets

Gravity — what is lhe force
that governs all planetary
movement in the solar system?

The Sun's gravity is what
causes the planeis to
orbit in our solar system.

Planets

Gravity — How does the
dislonce between Iwo objects
affect the force of gravity?

The closer the two
objects are the more
gravitational force they
have.

Ex: The Moon has as much larger
impact on our lides than the Sun
does.
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l:{é‘? Check for Understancling

O Quick Action - Planet INB Templaie

3/17/20

Write a short essay to answer the following

vestion. STy L | ~ 1 N \
a U @ OG> o
Give two reasons why the Galilean moons bl Morcuy | Venus ||| Eorn | wes | sgier | || sotu | o | nepuno
stay in orbit around Jupiter rather than
pulled toward Saturn or the Sun2

i
Planets Planeis
How do planets move? Mercury

*Planets orbit {revolve)
Clockwise around 1he sun
(Except for Venus and
Uranus, which rolate
counter-clockwise.)

*The Sun's gravily keeps
them in their orbits.

*The planets orbits are
elliptical shaped.

* Closest planet to the sun

*Smallest planel in solar
system

+ 2" hottest planet
*No atmosphere
*Revolution 88 Earth days

+Craters
Planets Planets
Venus Earth
+2nd closest planet to the ) - *Our home
Sun 2 *Made of 2/3 water
= "Sister" to Earth in size = Only plﬂnfei known to
«Thick atmosphere support lite

- Holtest planet because
of Greenhouse Effect

*Revolution 243 Earth days

*Has a moa;neiosphere
which deflects harmful
electromagnetic rays
from the Sun

*Revolution 365 Earth days
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Planeis

Mars
-The "red planet”

* Grand Canyon of Mars
dwarfs Earth's Grand
Canyon

«Largest dust storms

*Unmanned rovers
currently exploring Mars

-Revolution 487 Earth days

Planets

Juplter
- Largest planet

- Greal Red Spot can fit 2
Earih's inside it.

» Gdlileo discovered many
of Jupiter's moon's.

- Ganymede is the largest
moon in the salar system.

«Revolution 12 Earth years

Planets

Saturn

«Many rings made of
dust and ice

«Low density — could
float in a bathiub if
one were big enough

+Revolution 29 Earth
years

Planets

Uranus
- Axis is sideways and
rolates north and south

«Thirteen sets of rings,
some partial

-Voyager 2 passed by

-Revolution 84 Earth
years

Planeis

Nepfune

«Smailler than Uranus
but greater mass

*Has a Great Dark Spot
similar to Jupiter's
Great Red Spot

-Voyager 2 passed by

« Revolution 165 Earth
years

Planets

Galilean Moons
lo

+Innermost moon to
Jupiter

«Highest Density

- Driest and most
geologically active
objectin the solar
system
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[_ Planeis

Galilean Moons

Planets

Galilean Moons

Europa Cadlllisto
*Smallest of Galilean *Almost as big as
Moons Mercury

*Smoothest surface of
any known solid object
in the solar system

*Same hemisphere
always faces Jupiter

*Heavily cratered

D
Planets 5;‘:';1 Checlk for Understanding
Galilean Moons ; <
Ganymede Can | describe the physical

properties of the planets and
their location

*Largest moon in the
solar system (8% larger
than Mercury)

*Underground ocean
and magnetic field

-First observed by
Gdiilec in 1610

Can | describe the movements
of the sun, the planets, and the
Galilean moons.
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Inner Planets Qurter Planets

© Kesler Science, L1
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How Much Do You Weigh on Other Planets?

The formula to find out your weight on other planets is Weight on Earth x Gravity

e e e A

Planetary Object Weight on jg_r‘ih Gravity Weight
Fath leolbs | T foo
Moon 166
Outer Space 0
Mercury .38
Venus 91
Mars .38
Jupiter 2.14
Saturn 91
Uranus 86
Neptune 1.1
Pluto .08
The Sun 28

KeslerScience.com
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Planets Choice Project Name

Itseems impossible but in the year 2060 space travel to other planets is now available to the general public.

Allyou need is some “dough”. How muchwould you be willing to spend to visit the planet of yourdreams?
Your goal is to raise $100,000, so you can visit one or more of your favorite planets.

ol [P w Sqte- UL R Y LA iy
' 1!“35,]“!{2:%.:' : ‘J""Jli"g::f‘ i L i 5‘.’)”»(7;” N

(i

Chart $25,000

Story 525,000

Mural 575,000

Travelogue $75,000

Picture Story Book $100,000

Game $100,000

Original Song 550,000

Newspaper Article $50.000

i

© Kesler Science, LLC



Planet Choice Project Name
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Chart - Make a chart o show the specific
characteristics of each of the eight planets. List af
least six characteristics for each planet.

Uy i sl

525,000

Story— Write a creative story about visiting one of the
eight planets. Whatwould you see?

$25,000

Mural- lllustrate a mural of the planets. Research
their size and colors and make the planets somewhat
representative of their sizes.

$75,000

Travelogue —Design airavelogue that a travelagent
might use to sell a trip fo the planets. Include facts
about each planet and reasons for visiting there.

$75,000

Picture Story Book—Write a non-fiction book about
the planets with facts and illustrations.

$100,000

Game - Make a board game for the planets. Have at
least 40 questionsincludedin the game.

$100,000

Song- Create an original song about the planets.
Include information about gravity as well.

550,000

Newspaper Arficle —Write acreative” newspaper
article about someone who hasreturned from visiting
aplanet. Include pictures.

$50.000

© Kesler Science, LLC
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Planets Assessment Name

1. Explain the effects that distance and mass have onthe gravitational pull of the
planets.

2. Listthe characteristics of the inner and outer planets.

Ifnene Plaggnpan g . Bk My i

3. These are the four Galilean Moons: lo, Europa, Calliisto, and Ganymede. Matchthe
moonto its characteristic.

a. The largestin our solar system

b. The smoothest surface

c. Has an underground ocean

d. Isthe most geologically active

e. Same hemisphere always faces Jupiter

© Kesler Science, LLC



Planets Assessment Name

4. Write the names of the planets starting from the Sun.

1 2. 3
4 5, 6
7 8.

5. Match the name of the planet to its characteristic.

a. Hottest planet because of the Greenhouse Effect

b. Planet with the "Great Dark Spot”

c. Fastestorbiting planet

d. Planetwith a sideways axis

e. The "red planet"

f. The largest planet

g. Planet with the mostrings

h. Planet made of 2/3 water

i. Planet with the GreatRed Spot

j. Planet with a canyonlarger than the Grand Canyon

{© Kesler Science, LLC
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®
CLASS :
1.3 Interactions Among Living Things
DATE :
10 Questions
1. The behaviors and physical characteristics of species that
allow them to live successfully in their environment are called
[] a) habitats. [ ] b) biotic factors.
[l ¢) limiting factors. [1 d) adaptations.
2.  The struggle between organisms to survive in a habitat with
limited resources is called
[ a) symbiosis. ' , [J b) competition.
[]1 c¢) predation. (] d) parasitism.
3. When ajellyfish paralyzes a tiny fish with its poisonous
tentacles, the fish is the
(] a) parasite. ] b) prey.
(1 c) predator. [] d) host.
4. Aclose relationship between two species that benefits at least
one of the species is called
[]1 a) competition. [] b) symbiosis.
[] c) adaptation. [1 d) natural selection.
5. When aflea is living on a dog, the dog is the
[] a) host. [] b) parasite.
[] c) predator. ] d) prey.
6. Mutualism, commensalism, and parasitism are the three types
of
(] a) competition. ] b) symbiotic relationships.
[] c) prey adaptations. (] d) predation.

https://quizizz.com/print/quiz/57d80fad676690a50777074 13



3/17/2020

7.

©c gogo e« 0Od

0 o

10.

O o

1.3 Interactions Among Living Things | Print - Quizizz

A hawk building its nest on an arm of a saguaro cactus is an
example of

a) commensalism. ] b) mutualism.

C) parasitism. [] d) predation.

A tapeworm living inside a wolf's body is a
a) predator. (] b) host.
C) parasite. ] d) prey.

Both species benefit in the type of symbiosis called
a) mutualism. [1 b) commensalism.
c) parasitism. [] d) competition.
An organism's particular role in its habitat, or how it makes its
living, is called its
a) Carrying capacity. ' ] b)‘competition.

c) ecosystem. [1 d) niche.

https://quizizz.com/print/quiz/57d80£fad676690a5077f 7074
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CLASS :
Phylum Porifera
DATE :
10 Questions
1. Which Kingdom are sponges classified?
[] a) Fungi (] b) Animalia
[] c) Plantae [J d) Monera
2. Which phylum are sponges classified?
[1 a) Cnidaria [J b) Animalia
[] ¢) Porifera [] d) Protista
3. What does the term Porifera mean?
[ ] a) pore-bearing [] b) sponge-bearing
1 c) cell-bearing (] d) bud-bearing
4. Water enters the sponge through which structure?
(] a) Incurrent pores ] b) Osculum
[] c¢) Epidermal Cells [1 d) Gemmules
5. Water exits the sponge through which structure?
[] a) Incurrent pores [ 1 b) Osculum
] c) Epidermal cells [ 1 d) Gemmules
6. Which of the following describes the shape of a sponge?
(] a) Symmetrical (] b) Asymmetrical
(] c¢) Fragmentation ] d) Sessile
7. This term describes the condition of non-movement.
(] a) Fragmentation [ b) Regeneration
[] c) Sessile [] d) Spicule

https://quizizz.com/print/quiz/5¢70e 1¢70702¢8001bcb 1 ba2 173



3/1712020 Phylum Porifera | Print - Quizizz

8. Which of the following terms defines how sponges can regrow

lost body parts?

O

a) Budding (] b) Symmetry

]

c) Choanocytes [] d) Regeneration

9. Which of the following terms describes organisms that produce

both egg and sperm?

]

a) Autotrophs [ b) Heterotrophs

]

c¢) Fragmentation [] d) Hermaphrodites

10.  Which term defines how water enters through the sponge's

pores bringing in food and oxygen.

O

a) Filter feeders [] b) pore-bearing

]

c) sexual reproduction [] d) Collar cells

https://quizizz.com/print/quiz/5¢70¢1¢70702¢800 1beb | ba2
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Phylum Cnidaria | Print - Quizizz

Quizizz nawe: Lo | A

Phylum Cnidaria

10 Questions

1.

0 O

O O

N g e oo e oo~ oo«

OO

Animals in the phylum Cnidaria are found in

a) desert habitats

O

b) forest habitats

C) aquatic habitats

1

d) all habitats

Jellyfish differ from sea anemones in that

a) only one has stinging cells [ b) only one has tentacles

c) only one uses the same opening for food and [] d) only one has a mouth that faces downward

waste’

The bell-shaped Cnidaria include (adult)

a) jellyfish [J b) sea anemones

c) coral ] d) hydras

Which body form of cnidarians are free swimming?

a) Polyp [] b) Medusa
c) Endoderm (] d) Ectoderm

Which body form of cnidarians are sessile?

a) Polyp [] b) Medusa
c) Endoderm [] d) Ectoderm

Which of the following is not a layer in cnidarians?

a) Ectoderm 1 b) Mesoglea
c) Endoderm [] d) Ganglion

The free-floating cnidaria (not attached to the sea floor) is the

a) jellyfish [] b) sea anemones

c) coral reefs [] d) hydra

https://quizizz.com/print/quiz/5¢70¢28426e6dd00 | b867000

13
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8.  Classify the following as a polyp form or medusa form: uses

sexual reproduction.
[] a) polyp [] b) medusa
9.  Classify the following as a polyp form or medusa form: uses
asexual reproduction.

1 a) polyp ] b) medusa

10.  Which phylum are jellyfish and sea anemones classified?
] a) Porifera [l b) Cnidaria
[] ¢) Annelida [1 d) Platyhelminthes

hutps://quizizz.com/print/quiz/5¢70e28426¢6dd00 | L8H7000
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Quizizz e |0

CLASS :
Phylum Platyhelminthes
DATE :
10 Questions
1. Flatworms are classified into which phylum?
(] a) Porifera (] b) Platyhelminthes
[] ¢) Cnidaria [] d) Nematoda

2. Which of the following is an evolutionary advance of

flatworms?

]

a) Bilateral Symmetry ] b) Radial Symmetry

[ c) Gastrovascular Cavity (] d) Epidermis

3. Which of the following divides the organism into equal left and
right sides?

O

a) Radial Symmetry (] b) Bilateral Symmetry

[] c) Biradial Symmetry (] d) Lateral Symmetry

4. Which of the following is an evolutionary advance of

flatworms?
[] a) Radial Symmetry [] b) Fission
[] c) Sexual Reproduction [] d) Cephalization

5. Which term refers to the head region on a flatworm?

[] a) Fertilization [1 b) Fission
[J c) Cephalization (] d) Coelom
6.  True/False: Flatworms are coelomates.

] a) True [] b) False
7. True/False: Flatworms have 2 openings.

[] a) True 0 b) False

https://quizizz.com/print/quiz/5e70e2fa7 [ 7eb7001b8e20ac

173
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8. Which of the following is NOT a form of stimuli that flatworms
respond to?

[ ] a) Light [J b) Touch
[] ¢) Chemical (1 d) Sound
9. label 25

[ ] E ]
(] a) Eyespot ] b) Ganglia
] c) Pharynx 1 d) Nerve Cords
10. 23 ‘ Label 26

El:%“‘;‘v‘vcuq

[J] a) Ganglia [l b) Eyespot
[J ¢) Nerve Cords [] d) Digestive Cavity

https://quizizz.com/print/quiz/5¢70e¢2fa717eb7001b8e20ac
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Echinoderm

10 Questions

1. There are 6 different classes for Echinoderms.

1 a) True

2. What are the 5 class names for Echinoderms?

[] a) Star brittle, sea urchins, sea horse, sea
cucumber, starfish

[ c) Fish, sea brittle, sea urchin, sea horse, sea
cucumber, starfivsh

.
MO A
4.— A o\ ) N"‘\X N
. ~
1
NAME : | L ’
1
/
CLASS :
DATE :

[] b) False

[1 b) Starfish, sea urchin, star brittle, sea
cucumber, feather star

(1 d) None of the above

] b) Only one cell layer

Ol

d) Slow regeneration

(] b) Tropical coral reefs

[] d) Ocean trenches

[

b) Sea horse

0

d) starfish

] b) False

3. A characteristic of an echinoderm would be..

[] a) It's a vertabrate

[] c¢) Vascular system

4.  Where would you find starfish?

[] a) Deep ocean floor

[] ¢) Ocean surface

5. Which is not an Echinoderm?

[] a) Sea urchin

[] ¢) Crab

6. How many eyes does an echinoderm have?

L] a) 4

[]c)2

7.  Echinoderms can go on land

[1 a) True

8. Forms of echinoderms from the past and now are the exact
same.

] a) True

https://quizizz.com/print/quiz/5¢70e37154cfa001b2063ed

(] b) False
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9.  How many starfish pictures were in this presentation total?

] a4
] o7

10. How many slides were there total?
(] a) 11
] c) 10

https://quizizz.com/print/quiz/5e70e37 1£54cfa001b2063ed

] b)5
O d) 6

[ b) 9
O d) 12

o
5%
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10 Questions
1. Segmented worms are known as
[1 a) Nematodes 1 b) Annelids
[] c) Planarians (] d) Cnidarians
2. Which of the following is not a class in Annelida?
[] a) Hirudinea [] b) Oligochaeta
(] c) Hydrozoa [] d) Polychaeta
3. Which type of symmetry do Annelids possess?
(] a) Radial [] b) Biradial
[] c) Lateral [1 d) Bilateral
4, Which term refers to the hard bristle-like, chitinous structures?
[ a) Nephridia ] b) Spongin
[] c) Setae ] d) Cilia
5. Which type of circulatory system do Annelids have?
[] a) Open [] b) Closed
(1 c) Full [1 d) None of the above
6. In atriploblastic organism, which of the following is not one of
the three tissue layers?
[] a) Ectoderm [1 b) Endoderm
] ¢) Entoderm ] d) Mesoderm
7. Annelids reproduce by what type of reproduction?
[] a) Asexual (] b) Sexual
[1 c¢) Fragmentation [] d) Both asexual and sexual

https://quizizz.com/print/quiz/5¢70e3af 148b8100 1c508c87
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8. Which of the following habitats are Annelids found?

(] a) Marine ] b) Freshwater

[ 1 ¢) Moist environments [J d) All of the above

9.  Leeches have been used for medicinal purposes.

[1 a) True [J b) False

10.  Annelids are hermaphrodites. Define this term.

[

a) They have three tissue layers. [ b) They have a body cavity.

0

c) They produce both egg and sperm. [J d) They can regenerate lost body parts.

https://quizizz.com/print/quiz/5e70e3af [48b8f00 1 c508c87 2/3
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10 Questions
1. Which of the following class is not classified in the phylum
Mollusca?
(] a) Polyplacophora (] b) Hydrozoa
] c) Gastropoda (] d) Cephalopoda
2. Which of the following organisms are not classified as
Mollusks?
(1 a) Snails - : [l b) Sponges
1 c) Squids (1 d) Scallops
3. Which of the following does the muscular foot aid in?
] a) Movement (] b) Capture prey
1 c) Sight ] d) Camouflage
4. Which of the following habitats are mollusks found?
[] a) Marine [ ] b) Freshwater
[1 c) Terrestrail [] d) All of the above
5. True/False: Cephalopods have the largest invertebrate brain.
] a) True (] b) False

6.  True/False: Squids release inky substance in the water for

protection.

(] a) True [] b) False

7. True/False: Many snails can withdraw into the shell and close
it off.

[1 a) True [1 b) False

https://quizizz.com/print/quiz/5e70e3{b516 19700 1 bedf6£0 173
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8. Which of the following terms describes an organism with a

backbone?

[ ] a) Vertebrate [J b) Invertebrate

9. Which of the following describes an organism that lacks a

backbone

[] a) Vertebrate [l b) Invertebrate

10.  How does changing colors help a cephalopod?
[] a) Allows it to blend into the background [] b) Allows it to move

] c) Allows it to see [] d) Allows it to attack

https://quizizz.com/print/quiz/5¢70e3{b51619f00 1 bedl6£0
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1. Which phylum do roundworms belong to?

a) Turbellaria

O
[] ¢) Nematoda

N

]

a) move

. [ c) reproduce

[] b) Cestoda
(] d) Porifera

Earthworms have setae, which are like bristles that help them

[] b) eat

3. Which of the following phyla contains mostly parasitic

roundworms?
(] a) Annelida
U

c) Nematoda

4 What is an Acoelmate?
] a) Animal with false body cavity
O

c) Animal with true body cavity

o

[1 a) Platyhelminthes
(1 c) Annelida

https://quizizz.com/print/quiz/5dcc5a67dc005600 1 b7aa93c

[] b) Cnidara
[] d) Platyhelminthes

[l b) Animal lacking body cavity

[1 d) Animal with cavities in its teeth

What phylum?

[] b) Nematoda
[1 d) Echinodermata

/3
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Animals that live and feed off other animals are called

6.

[ ] a) planarians [] b) parasites
[] c) proglottids [] d) teguments
7. True or false: Some marine worms can withstand boiling water.
] a) True [] b) False

8.  True or false: Earthworms have gills.

[] a) True [] b) False

9. True or False: Marine worms have gills.

[J a) True [] b) False

10. true/false: nematodes do not have a digestive system.

O a) true ' ] b) false

https://quizizz.com/print/quiz/3dcc3a67dc0056001b7aa93¢
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1. True/False: Arthropods inhabit all ecosystems.

(] a) True

[] b) False

2. True/False: Arthropods have a closed circulatory system.

[J b) False

1 b) Regrow
[J d) Transform

Class Arachnida includes which of the following organisms?

[] b) centipedes
[J d) sea spiders

[] b) Spiders, Scorpions, Ticks
[ 1 d) Centipedes

Class Diplopoda includes which of the following organisms?

[] b) Centipedes
[l d) Spiders, Scorpions, Ticks

[1 a) True

3. What does metamorphosis mean?

(1 a) Change

(] ¢) Camoflauge

4,

[] a) Spiders, scorpions, ticks

[] ¢) millipedes

5. Class Insecta includes which of the following insects?

[1 a) Insects

[ ¢) Millipedes

6.

[] a) Insects

1 c) Millipedes

7. Subphylum Crustacea includes which of the following
organisms?

] a) Insects

[] c) Scorpions, Spiders, Ticks

(] b) Millipedes

[] d) Crabs, Lobsters, Crayfish, Shrimp, Barnacles

8.  True/False: Arthropods have an ectoskeleton.

L1 a) True

https://quizizz.com/print/quiz/5bffe0988ach7 100 1ab 1962

[ b) False
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9.  True/False: Arthropods have developed sensory organs (true

eyes and antennae)

[] a) True [] b) False

10.  Which of the following is the correct order of classification?

[1 a) Kingdom, Phylum, Class, Order, Family, [J b) Species, Genus, Family, Order, Class,

Genus, Species Phylum, Kingdom
[J c¢) Kingdom, Family, Order, Genus, Class, [] d) Phylum, Kingdom, Order, Class, Family,
Species, Phylum Genus, Species

https://quizizz.com/print/quiz/5bffe0988acb7 100 [ ab 1962
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Vertebrates and Invertebrates Test

10 Questions

1. This vertebrate breathes through gills, lives in water, and has

scales and fins.

(] a) bird (1 b) fish

1 c) reptile ] d) mammal

2. This invertebrate has many pores through which water flow.

[1 a) sponge [J b) echinoderm

(1 c) mollusk ’ [1 d) segmented worm

1 e) arthropod

3. This vertebrate is endothermic, breathes with lungs, has
babies that are born live, has fur or hair, and produces milk to
feed its young.

[ a) bird ] b) fish

(] c) amphibian [] d) reptile

(] e) mammal

4. Arthropods have this outer covering that protects them.

(] a) vertebrae (] b) scales

[] c) exoskeleton [] d) feathers

[] e) tube-like spine

5. These are the simplest organisms that have a true nervous
system.

[] a) sponges [] b) ants

[] c) starfish ] d) worms

[] e) snails

https://quizizz.com/print/quiz/5a9809ddddaee400 [ bfe3 16b
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6. Which of the following are NOT vertebrates?

(] a) amphibians [] b) arthropods

[] ¢) mammals [] d) reptiles

[] e) fish

7. Which of the following are NOT invertebrates?

[ ] a) sponges (] b) reptiles

] c) echinoderms [] d) arthropods

(] e) mollusks

8.  Animals are heterotrophs. What does that mean?

(] a) They make their own food. [ ] b) They cannot make their own food.

9. Arthropods have this characteristic on their limbs. This helps

them to move around.

]

a) an embarassing rash ] b) joints

O

c) Lee press-on nails [] d) vampire fangs

10.  This is an identifying characteristic of a bird.

0

a) lay jelly-like eggs [] b) have shells

[

c) 2 wings and 2 feet [] d) gills

https://quizizz.com/print/quiz/5a9809ddd4ace4001 bfe3 16b
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Biology

NTI Day #11: Evolution Vocabulary
Take Notes and send it to me (handwritten).

Term
Evolution

Common
ancestor

Natural
selection

Variation

Adaptation
Fitness

Artificial
selection

Genetic drift

Meaning

The process by which modern organisms have descended from
ancient organisms over time

An ancestor shared by two or more descendant species

Evolutionary mechanism in which individuals that are better
suited to their environment survive and reproduce most
successfully

Difference between traits in individuals of the same species

A trait that improves an organism's ability to survive and
reproduce in an environment

The ability of an organism to survive and reproduce

Selective breeding of organisms to promote the appearance of
desirable traits in offspring

A mechanism of evolution in which allele frequencies of a
population change over generations due to chance



Biology
NTI Day 12: Take notes and send it to me (handwritten).

Darwin's theory of evolution

Charles Darwin developed a theory of evolution to explain the unity and diversity of life, based

on the idea of shared common ancestors.

Natural selection

Darwin's theory was based on the mechanism of natural selection, which explains how
populations can evolve in such a way that they become better suited to their environments

over time.

Individuals have variations within their heritable traits. Some variations make an individual

better suited to survive and reproduce in their environment.

If this continues over generations, these favorable adaptations (the heritable features that aid

survival and reproduction) will become more and more common in the population.

The population will not only evolve (change in its genetic makeup and inherited traits), but will

evolve in such a way that it becomes adapted, or better-suited, to its environment.

Artificial selection

There are other types of selection, in addition to natural selection, that are out there in the

world.

Artificial selection, also called "selective breeding”, is where humans select for desirable
traits in agricultural products or animals, rather than leaving the species to evolve and change

gradually without human interference, like in natural selection.



Dog breeding is a perfect example of how humans select for desirable or fashionable traits.

Breeders deliberately mate parents with the hope of producing offspring with specific traits

(such as color, size, ear shape, snout length, and so on).

Common mistakes and misconceptions

Evolution is not the same as adaptation or natural selection. Natural selection is a
mechanism, or cause, of evolution. Adaptations are physical or behavioral traits that
make an organism better suited to its environment.

Heritable variation comes from random mutations. Random mutations are the initial
cause of new heritable traits. For example, a rabbit can't choose to have a different fur

color. Rather, a genetic mutation causes a difference in fur color, which may help that

- rabbit hide better in its environment.

Natural selection acts on existing heritable variation. Natural selection needs some
starting material, and that starting material is heritable variation. For natural selection to
act on a feature, there must already be variation, and that variation must be able to be
passed on to offspring.

Natural selection depends on the environment. Natural selection doesn't favor traits
that are somehow inherently superior. Instead, it favors traits that are beneficial in a
specific environment. Traits that are helpful in one environment might actually be

harmful in another.



Biology
NTI Day #13:

Take Notes and send it to me (handwritten).

Term

Evolution

Common
ancestor

Fossil

Homologous
structure

Vestigial
structure

Analogous
structure

Embryology

Biogeography

Meaning

The process by which modern organisms have descended
from ancient organisms over time

An ancestor shared by two or more descendant species

Preserved remains of ancient organisms

Structure that are similar in different species due to
common ancestry

Structure that is non-functional, or reduced in function

Structure that evolved independently in different organisms
because the organisms lived in similar environments or
experienced similar selective pressures

The study of embryos and their development

The study of where organisms live currently, and where
their ancestors lived in the past



Biology
NTI Day 14: Take notes and send it to me (handwritten).

Evidence of evolution

Scientists who study evolution may want to know whether two present-day species are
closely related. Evidence for evolution can be structural, genetic, or biogeographical.

Structural evidence for evolution

Observing anatomical features shared between organisms (including ones that are visible only
during development) can indicate that they share a common ancestor.

Structural evidence can be compared between extant (currently living) organisms and the
fossils of extinct organisms.

Homologous structures

If two or more species share a unique physical trait they may all have inherited this trait from a
common ancestor. Traits that are shared due to common ancestry are homologous
structures.

For example, the forelimbs of whales, humans, and birds look different on the outside because
they're adapted to function in different environments. However, if you look at the bone structure
of the forelimbs, the organization of the bones is similar across species.

Embryology is important to understanding a species' evolution, since some homologous
structures can be seen only in embryo development. For example, all vertebrate embryos,
from humans to chickens to fish, have a tail during early development, even if that tail does not
appear in the fully developed organism.

Vestigial structures

Vestigial structuresserve little or no present purpose for an organism. The human tail, which
is reduced to the tailbone during development, is one example. Vestigial structures can provide
insights an organism'’s ancestry. For instance, the tiny vestigial leg bones found in some
snakes reflect that snakes had a four-legged ancestor.

Analogous structures

While similar structure can indicate relatedness, not all structures that look alike are due to
common ancestry.



Analogous structures evolved independently in different organisms because the organisms
lived in similar environments or experienced similar selective pressure.

For example, the leg of a cat and the leg of a praying mantis are analogous. Both legs are
used for walking, but they have separate evolutionary origins. On the outside, they appear
similar because they have both experienced similar selection pressures that optimized them
for walking. However, the actual structures that make up the leg are quite different, suggesting
that the limbs are not due to a common ancestor.

DNA evidence for evolution

At the most basic level, all living organisms share the same genetic material (DNA), similar
genetic codes, and the same basic process of gene expression (transcription and translation).

In order to determine which organisms in a group are most closely related, we need to use
different types of molecular features, such as the nucleotide sequences of genes.

Biologists often compare the sequences of related (or homologous) genes. If two species have
the "same" gene, it is because they inherited it from a common ancestor.

In general, the more DNA differences in homologous genes between two species, the more
distantly the species are related.

Biogeographical evidence for evolution

The notion of biogeography is what first indicated to Charles Darwin that species evolve from
common ancestors. Patterns of distribution of fossils and living species may tell us how
modern organisms evolved.

For example, broad groupings of organisms that had already evolved before the breakup of the
supercontinent Pangaea (about 200 million years ago) tend to be distributed worldwide. In
contrast, broad groupings that evolved after the breakup tend to appear uniquely in smaller
regions of Earth.

Environment cannot always account for either similarity or dissimilarity. Closely related species
can evolve different traits under different environmental pressures. Likewise, very distantly
related species can evolve similar traits if they have similar environmental pressures.



Common mistakes and misconceptions

o Evolution is not "just" a theory. In science, a "theory" addresses a broader question
and is supported by a large amount of data from multiple sources. Evolution is a
well-supported and accepted scientific theory that is supported by the evidence listed
above.

e Biologists do not draw conclusions about how species are related on the basis of
structure or biogeographical evidence alone. Instead, they study both both physical
features and DNA sequences, and draw conclusions about relatedness based on these
features as a group.

o Not all species left fossils behind. Some people believe that all living organisms
leave behind fossil evidence. Unfortunately, fossilization is fairly rare, because it
requires many different conditions to occur over time in a specific order. Because these
conditions do not occur all the time, we do not have fossils for all of the extinct
organisms.

Because many species that existed on earth were not fossilized, this has left gaps in our
fossil record. However, that doesn’t mean these organisms didn’t exist, and the fossil
record we do have contains many transitional fossils, all of which support evolution!



Biology
NTI Day 15: Take notes and send it to me (handwritten).

The study of evolutionary lineages of a species, or

Phylogeny group of species

or
Carmman snesstor An ancestor shared by two or more descendant

species.
Phylogenetic tree A diagram that represents evolutionary relationships
(cladogram) among organisms

Phylogeny

Phylogeny helps scientists organize species or other groups in ways that represent our
understanding of how they evolved from common ancestors.

Phylogenetic trees

In a phylogenetic tree, or cladogram, the species or groups of interest are found at the tips of
lines referred to as the tree's branches.

For example, the phylogenetic tree below represents relationships between five species, A, B,
C, D, and E, which are positioned at the ends of the branches:
[— A
— .

— C Species of
nrevrest
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E
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How the branches connect represents our understanding of how the species in the tree
evolved from a series of common ancestors. At each branch point lies the most recent
common ancestor of all the groups descended from that branch point. For instance, at the
branch point giving rise to species A and B, we would find the most recent common ancestor



of those two species. At the furthest left branch point, we would find the most recent common
ancestor of all the species in the tree.
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Not all phylogenetic trees look the same. Some are blocky, like the tree at left below. Others
use diagonal lines, like the tree at right below. You may also see trees of either kind oriented
vertically or flipped on their sides, as shown for the blocky tree. The orientation of the
phylogenetic tree does not change the information in the tree.

Relatedness

In a phylogenetic tree, two species are more related if they have a more recent common
ancestor, and less related if they have a less recent common ancestor.

To find the most recent common ancestor of any pair or group of species, start at the branch
ends carrying the two species of interest and “walk backwards” in the tree until you find the
point where the species’ lines meet.

For example, to determine whether species A and B are more related than species B and C,
we would follow the lines of both pairs of species backward in the tree. A and B meet first,
indicating they have a more recent common ancestor and are more related than B and C.

Common mistakes and misconceptions

e Phylogenetic trees are hypotheses of relatedness. Although we know that modern
organisms evolved from ancient organisms, the pathway of this evolution is sometimes
a best guess based on the amount of evidence available at the time. The more we
uncover about the lineage of a set of organisms, the more accurate the phylogenetic
trees become.

e Phylogenetic trees are not just based on physical traits. To create a phylogenetic
tree, scientists often compare and analyze many characteristics of the species or other
groups involved. Although this may include internal and external physical traits, it can
also include other factors like behavior or DNA sequences.
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n ) ? CLASS :
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10 Questions

What is the term for a feature that allows an organism to
survive in its environment?

[J a) adaptation (] b) variation
[J ¢) homologous structure (] d) vestigial structure
2. ' ; Who hypothesized that human populations are kept in check

by war, famine, and disease?

[] a) Darwin [J b) Hutton

[ ¢) Malthus (1 d) Lamarck

3.

[] a) analogous structures [J b) homologous structures
[] c) vestigial structures (] d) none of the above

https://quizizz.com/print/quiz/58d86dfd444dc406582d 1478 /4
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4. What is the process of which humans breed organisms for
certain traits?
§-\‘
bul!d‘og collie. ) dachshund
] a) artificial selection [0 b) descent without modification
(] c¢) inheritance of acquired characteristics (] d) natural selection
5. Figure 2: Homelogous Simlarly Among Verieorste Enonos \/artebrate embryos pass through similar stages of
development is evidence for
Mun Pig Reprite Bird
[ a) use and disuse ] b) homologbus structures
[J ¢) common ancestry [0 d) acquired characteristics
6. K{‘ f”»tfm’éﬁ}%” Individuals that are well adapted to their environment will
T pecn; 7 survive and produce
O a) better traits [J b) stronger genes
[] c) more offspring [ d) fewer mutations
7. \ﬁ All the individuals of a species that live in a particular area are
5 called a
(] a) group [] b) population
(] ¢) variation ] d) fossil

https://quizizz.com/print/quiz/58d86dfdd44dc406582d 1478 2/4
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8. The remnant of an organ that had a function in an early
ancestor is known as a(n)

(0 a) vestigial structure [0 b) analogous structure

[J c¢) homologous structure [0 d) fossil structure

9. LYE DARWIN Who said that geological forces acting today are the same

' ones that have been acting in the past?

[] a) Lamarck [] b) Darwin

] c) Hutton 1 d) Lyell

10. What is the study of the distribution of organisms around the
world?

[] a) geology [] b) biogeography

[ c) paleontology (] d) geography

https://quizizz.com/print/quiz/58d86dfd444dc406582d 1478 3/4



3/17/2020 Evolution (pretest/posttest) | Print - Quizizz

QUIZIZZ bo\&/ \ ’] NAME :

CLASS :
Evolution (pretest/posttest)
DATE :
12 Questions
1. Who was the first naturalist to study evolution?
[] a) Charles Darwin [ b) Gregor Mendal
[] c) Carolus Linneaus [] d) Thomas Edison
2. Thisis a process by which organisms inherited advantageous
traits that tend to reproduce more successfully than the other
organisms do.
[] a) Artificial selection [] b) Natural selection
[] c) Populations [ d) Environment

3. Thisis a process in which organisms gradually change over

time.
(J a) Environment ] b) Competition
(] c¢) Evolution ] d) Fossils

4. This is a group of organisms of the same species that live in a
specific geographical area.

(] a) Environment [J b) Evolution
[ c) Biological diversity [1 d) Populations
5. The surroundings and conditions in which an organism lives
and operates.
[] a) Evolution [] b) Population
1 c) Environment [] d) Biological diversity
6. These are natural differences within a species.
[] a) Evolution ] b) Genetic variation
[] c) Biological diversity [] d) Populations

https://quizizz.com/print/quiz/5e70eba326¢6dd001b8L7b7b
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This is the variation of living organisms.
a) Biological diversity [J b) Evolution
c) Environment [J d) Natural selection
This is an inherited trait that helps an organism survive and
reproduce in its environment.
a) Evolution [] b) Population
c¢) Environment ] d) Adaptation
This is an ecological relationship in which two or more
organisms depend on the same limited resource.
a) Adaptation [J b) Competition
c) Evolution [J d) Natural selection
The death of every member of a species.
a) Competition ' "0 b) Population
c) Extinction [ ] d) Evidence
The availability of facts indicating whether a hypothesis is valid
(true).
a) Fossil [(J b) Evidence
c) Extinction [J d) Competition
This is the trace or remains of an organism that lived long ago,
most commonly preserved in sedimentary rock.
a) Competiton [] b) Extinction
c) Evidence [] d) Fossil

https://quizizz.com/print/quiz/5e70eba326e6dd00 [b8LTHTb
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NAME :

) Q‘\\\ \% CLASS :

DATE :

Quizizz

Ecology

10 Questions

1. An individual belonging to a specific species

[] a) Biotic [J b) Community

[] c) Organism [1 d) Reptile

2. 35 Al of the living and nonliving things in an area that interact with
each other are called a/an

] a) community [] b) habitat

] ¢) population [J d) ecosystem

3. An area where an organism finds food, shelter and water in a
specific arrangement

[] a) niche (] b) biosphere

] c) biome ] d) habitat

4.  The living part of an ecosystem

[] a) Biotic [] b) Abiotic

] c¢) Mother Earth [] d) Flowers

https://quizizz.com/print/quiz/5e70efdb3 1ceb700 1 bO5{T62 1/4
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5. The non-living part of an ecosystem

[] a) Ocean [J b) Lava Flow

(] c) Birds [J d) Abiotic

6. The study of how living things interact with one another and
with their environment.

'O a) Biology ' ’ O b) Lithology

[] c) Ecology (] d) Farmacology

7. Organisms that look similar and can produce fertile offspring

[] a) Species (] b) Fish

O ¢) Community [] d) Trees

8.  Two or more members of a particular species living and
interacting in the same area

O

a) Community (1 b) Population

O

c) Organisms (] d) Biosphere

https://quizizz.com/print/quiz/5¢70cfdb3 | ccb7001b05{f62 2/4
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9. Different populations living and interacting with each other in
the same area

(J a) Biome [l b) Ecosystem

] ¢) Community (1 d) Niche

10. The area between the highest mountain and the deepest
ocean where life can be found

[ a) Biosphere 1 b) Biome

(] c) Farm (] d) Ecosystem

https://quizizz.com/print/quiz/5¢70efdb3 1ceb7001b05{162
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- Parasitism: one organism benefits (the parasite), while
the other is harmed (host)

20u4 Fiano LSD, Flano, 1 X

;c.m_ Al Gghits s e



-~ Commensalism: one organism-is benefits while the
other is not affected

2004 Plano ISD, Plano, TX
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AP Biology NTI Instruction Sheet

NTI Day 6: Non Mendelian Genetics Notes (must be handwritten)

NTI Day 7: Chromosome Theory of Inheritance Notes (must be handwritten)
NTI Day 8: Sex-Linked Traits Notes (must be handwritten)

NTI Day 9: Sex-Linked Traits Practice Worksheet

NTI Day 10: Pedigree Notes (must be handwritten)

NTI Day 11: Pedigree Notes (must be handwritten)

NTI Day 12: Phenotypic Plasticity Notes (must be handwritten)
NTI Day 13: Genetics Review- Quizizz

NTI Day 14: College Board Progress Check

NTI Day 15: College Board Progress Check

NTI Day 16: Nucleic Acids Notes (must be handwritten)
NTI Day 17: DNA Replication Notes (must be handwritten)

NTI Day 18: DNA Replication Worksheet (front side)
NTI Day 19: DNA Replication Worksheet (back side)
NTI Day 20: Transcription Notes (must be handwritten)

BrocK
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1mnmm ﬂ.mmm * Pedigrees can be used to study the transmission of a hereditary condit

« Pedigree charts show a record of the family of an individual . Pedigrees are partic
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Huntington’s Disease is Autosomal Domi

MRI findings in HD

Normal
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Dominant or Recessive Trait?
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(42) Polygenic inheritance and environmental effects (arlicle) | Khan Academy

.7/ Khan Academy

\5&5 29 Toke | f\u s Cmd Sags

Science > AP® Biology >
Heredity > Environmental
effects on phenotype

Environmental effects on
phenotype

E‘ Phenotype plasticity

f_—] Gene environment
interaction

@ Polygenic inheritance and
environmental effects

F;‘ Practice: Environmental
—  effects on phenotype

Next lesson

Qe o el e

Science - AP® Biology - Heredity
- Environmental effects on phenotype

Polygenic inheritance and
environmental effects

AP Bio: IST-1.J (LO), IST-1.J.3 (EK), SYI-3 (EU), SYI-3.B (LO),
SYI-3.B.1 (EK)

Traits that are controlled by multiple genes and/or influenced
by the environment. Penetrance and expressivity.

[z] Google Classroom  E1 Facebook ™
¥ Twitter Email

How is height inherited?

If what you're really interested in is human genetics,
learning about Mendelian genetics can sometimes

be frustrating. You'll often hear a teacher use a
human trait as an example in a genetics problem,
but then say, "that's an oversimplification" or "it's
much more complicated than that." So, what's
actually going on with those interesting human

traits, such as eye color, hair and skin color, height,

and disease risk?

hitps://www khanacademy.org/science/ap-biology/heredity/environmental-cffects-on-phenotype/a/poly genic-inheritance-and-environmental-effects
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As an example, let's consider human height. Unlike
a simple Mendelian characteristic, human height
displays:

o Continuous variation. Unlike Mendel's pea
plants, humans don’t come in two clear-cut
“tall” and “short” varieties. In fact, they don't
even come in four heights, or eight, or sixteen.
Instead, it's possible to get humans of many
different heights, and height can vary in
increments of inches or fractions of inches!.

Ul
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Height (in.)

The heights of a group of male high school seniors. Image modified
from "Continuous variation: Quantitative traits," by J. W. Kimball
(CCBY 3.0)

e A complex inheritance pattern. You may have
noticed that tall parents can have a short child,
short parents can have a tall child, and two
parents of different heights may or may not
have a child in the middle. Also, siblings with
the same two parents may have a range of

https://wwiv.khanacademy.org/science/ap-biology/heredity/environmental-effects-on-phenotype/a/polygenic-inheritance-and-environmental-effects 2/17
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heights, ones that don't fall into distinct
categories.

Simple models involving one or two genes can't
accurately predict all of these inheritance patterns.
How, then, is height inherited?

Height and other similar features are controlled not
just by one gene, but rather, by multiple (often
many) genes that each make a small contribution to
the overall outcome. This inheritance pattern is
sometimes called polygenic inheritance (poly- =
many). For instance, a recent study found over 400
genes linked to variation in height?.

When there are large numbers of genes involved, it
becomes hard to distinguish the effect of each
individual gene, and even harder to see that gene
variants (alleles) are inherited according to
Mendelian rules. In an additional complication,
height doesn't just depend on genetics: it also
depends on environmental factors, such as a child’s
overall health and the type of nutrition he or she
gets while growing up.

In this article, we'll examine how complex traits
such as height are inherited. We'll also see how
factors like genetic background and environment
can affect the phenotype (observable features)
produced by a particular genotype (set of gene
variants, or alleles).

h rtps:I/www.khanacademy.org/scicnce/ap-biolog)‘Ihcrcdity/cnvironmcmaI—cffecls-on-phcno(ype/a/polygenic-inherilancc-and—cnvironmcn tal-cffects 317
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Polygenic inheritance

Human features like height, eye color, and hair color
come in lots of slightly different forms because they
are controlled by many genes, each of which
contributes some amount to the overall phenotype.
For example, there are two major eye color genes,
but at least 14 other genes that play roles in
determining a person’s exact eye color3.

Looking at a real example of a human polygenic
trait would get complicated, largely because we'd
have to keep track of tens, or even hundreds, of
different allele pairs (like the 400 involved in
height!). However, we can use an example involving
wheat kernels to see how several genes whose
alleles "add up" to influence the same trait can
produce a spectrum of phenotypes!*.

In this example, there are three genes that make
reddish pigment in wheat kernels, which we'll call A,
B, and C. Each comes in two alleles, one of which
makes pigment (the capital-letter allele) and one of
which does not (the lowercase allele). These alleles
have additive effects: the aa genotype would
contribute no pigment, the Aa genotype would
contribute some amount of pigment, and the AA
genotype would contribute more pigment (twice as
much as Aa). The same would hold true for the B
and C genesh.

https:/Awww.khanacademy.org/science/ap-biology/heredity/environmental-effects-on-phenotype/a/polygenic-inheritance-and-environmental-effects 417
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AaBbCc J/ . AaBbCc

ABC AbC aBCc ABc Abc abC aBc abe
Agc | Bl R G
| AABbCc | AaBbCC | AaBBCc | AaBbCc
AbC B s
C|AaBbCC. AAbbCc | AabbCC | AaBbCc | AabbCc
aBC S a el :
aaBBCC | AaBBCc | AaBbCc | aaBbee | aaBBCe | aaBbce
ABc et RN ‘
AaBBCc | AABBcc || AABbcc | AaBbCc | AaBBce | AaBbee
Abc :
AABbCc | AAbbCc | AaBbCc | AABbcc | AAbbee | AabbCc | AaBbee | Aabbee
aCc | 3 L :
AaBbCC | AabbCC | aaBbCC | AaBbCc |AabbCc | aabbCC |aaBbCc | aabbCc
aBc el
AaBBCc | AaBbCc | aaBBCc | AaBBcc |AaBbec | aaBbCc |aaBBcc | aaBbce
abc
AaBbCc |AabbCc |aaBbCc | AaBbcc |Aabbec | aabbCc |aaBbec | aabbee

It b \& 1 20 . s . 6 - |

Diagram based on similar diagram by W. P. Armstrong?.

Now, let’s imagine that two plants heterozygous for
all three genes (AaBbCc) were crossed to one
another. Each of the parent plants would have three
alleles that made pigment, leading to pinkish
kernels. Their offspring, however, would fall into
seven color groups, ranging from no pigment
whatsoever (aabbcc) and white kernels to lots of
pigment (AABBCC) and dark red kernels. This is in

h(lps://\v\vw.khanacademy.orglsciencc/ap-biology/hcrcditylcnvironmenIal-cffccls-on-phcnolypc/a/polygcnic-inhcrilancc-z\nd-cnvironmcnlnl-cffccls
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fact what researchers have seen when crossing
certain varieties of wheat?.

This example shows how we can get a spectrum of
slightly different phenotypes (something close to
continuous variation) with just three genes. It's not
hard to imagine that, as we increased the number
of genes involved, we'd be able to get even finer
variations in color, or in another trait such as height.

Environmental effects

Human phenotypes—and phenotypes of other
organisms—also vary because they are affected by
the environment. For instance, a person may have a
genetic tendency to be underweight or obese, but
his or her actual weight will depend on diet and
exercise (with these factors often playing a greater
role than genes). In another example, your hair
color may depend on your genes—until you dye
your hair purple!

One striking example of how environment can
affect phenotype comes from the hereditary
disorder phenylketonuria (PKU)®. People who are
homozygous for disease alleles of the PKU gene
lack activity of an enzyme that breaks down the
amino acid phenylalanine. Because people with this
disorder cannot get rid of excess phenylalanine, it
rapidly builds up to toxic levels in their bodies’.

https://www.khanacademy.org/science/ap-biology/hercdity/environmental-effects-on-phenotype/a/polygenic-inheritance-and-environmental-effects 6/17
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If PKU is not treated, the extra phenylalanine can
keep the brain from developing normally, leading to
intellectual disability, seizures, and mood disorders.
However, because PKU is caused by the buildup of
too much phenylalanine, it can also be treated in a
very simple way: by giving affected babies and
children a diet low in phenylalanine?.

If people with phenylketonuria follow this diet
strictly from a very young age, they can have few,
or even no, symptoms of the disorder. In many
countries, all newborns are screened for PKU and
similar genetic diseases shortly after birth through a
simple blood test, as shown in the image above.

_Image credit: "Phenylketonuria testing," by Eric T. Sheler, USAF
Photographic Archives (public domain)._

Variable expressivity, incomplete
penetrance

https://www khanacademy.org/scicnce/ap-biology/heredity/environmental-eff ects-on-phenotype/a/polygenic-inheritance-and-environmental-effects m7
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Even for characteristics that are controlled by a
single gene, it's possible for individuals with the
same genotype to have different phenotypes. For
example, in the case of a genetic disorder, people
with the same disease genotype may have stronger
or weaker forms of the disorder, and some may
never develop the disorder at all.

In variable expressivity, a phenotype may be
stronger or weaker in different people with the
same genotype. For instance, in a group of people
with a disease-causing genotype, some might
develop a severe form of the disorder, while others
might have a milder form. The idea of expressivity
is illustrated in the diagram below, with the shade
of green representing the strength of the
phenotype. [Example]

WAV d\uo\\g\;?
sarne aenoryee
for %ev‘?c of
irtevest

Navvow expvessivity Vaviable expressiity

lllustration modeled after similar image by Steven M. Carr'©.

In incomplete penetrance, individuals with a certain
genotype may or may not develop a phenotype
associated with the genotype. For example, among
people with the same disease-causing genotype for
a hereditary disorder, some might never actually
develop the disorder. The idea of penetrance is
illustrated in the diagram below, with green or

hutps://wwiw .khanacademy.org/science/ap-biology/heredity/environmental-cffects-on-phenotype/a/polygenic-inheritance-and-environmental-effects 8/17
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white color representing the presence or absence
of a phenotype. [Example]

AV dua\;\}o?
sSoyne o2n e
Sor e
ivevest

Complete ?e,ne,’traw\ce. Trcomplete Fe.ném;nu.

lllustration modeled after similar image by Steven M. Carr'©.

What causes variable expressivity and incomplete
penetrance? Other genes and environmental effects
are often part of the explanation. For example,
disease-causing alleles of one gene may be
suppressed by alleles of another gene elsewhere in
the genome, or a person's overall health may
influence the strength of a disease phenotype!!,

[Attribution and references]
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10 Questions

Which of the following crossover events would be most difficult

to detect in offspring?
A a
g G

[J a) A crossover occurring in the region between [] b) A crossover occurring in the region between
gene A and G ' ' geneGand T

[1 c) A crossover occurring in the region between [] d) A crossover occurring in the region between
gene Tand B geneAand T

2. A wide range of phenotypic variations occur in the trait for
human height. Which of the following accounts for these

variations?
[0 a) Polygenic Inheritance [0 b) Codominance
[1 c) Incomplete dominance (1 d) Multiple Alleles
3. Genes Frequencv of crossover ~ Map relative position of the four genes on a chromosome from
5% 8 and D the data on crossover frequencies.
159 C and A
30% A and B
459 Cand 8
509 Cand D
(] a) ABCD ] b) ADCB
1 c) CABD (] d)y CBAD

https://quizizz.com/print/quiz/59dcdle2b7¢742 10004b7c9d 1/4
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4. Species  |Cheek cell Examine the image. Which of the following would be the
chromosome count | ognactive autosomal chromosome count for each organism?
Humans 46
Bonobos 48
Elephant 50
Dog 78
[] a) 46, 48, 50, 78 (1 b) 44, 46, 48,76
(] c) 28, 24, 25, 39 [1 d) 92,96, 100, 156
5. PI (H® The pedigree shown indicates the expression pattern of VHL in

a specific family. Genetic counselors told the affected female
that she and her non-carrier husband had a 50% chance of

F2 000 ﬁﬁ producing children with VHL. Based on this information, which
of the following best describes the inheritance pattern for this
disorder?

F1

[1 a) X-linked recessive [] b) Incomplete dominance

[0 ¢) Autosomal dominance ] [] d) Autosomal recessive

6.  Australian Shepherds are a breed of dogs whose coat color is
-directly impacted by two different genes. The gene that
determines basic coat color exhibits a dominant allele (B) for
black coat color and a recessive allele (b) for red coat color.
Additionally, these dogs can have a solid coat color (mm) or a
mixed pattern coat color called merle (Mm). The homozygous
dominant coat color is called a lethal white (MM) which
produces pups that are deaf and blind. What is the probability
that two red Australian shepherds will produce a black pup?

a) 0 O b) /4
c) 1/2 [J d) 3/4

0O O

7. The Australian Shepherds of America Club discourages from
mating two merles. Which of the following best explains why
merle to merle matings are undesirable?

[] a) The cross has the probability of (] b) The cross produces all
producing litters with 50% solid coat color homozygous recessive pups
pups.

[ c) The cross has the probability of [1 d) The cross has a 25% chance of
producing litters with 25% merle coat pups. producing homozygous dominant pups.

https:/quizizz.com/print/quiz/59dcdfe2b7¢74210004b7¢9d
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8 # The diagram depicts an experiment in which ice packs were
AR e & . . .

( o ) / . ) strapped to a hair-free patch on a species of rabbits. The new

S (..; —  hair that grew in the patch exposed to cold was black.Which of

the following statements is supported by the results of this

experiment?

co;u;l: srappod NIV Far orowny ia patzn
tahai-'rze palzh ooed wesd b baci

[J a) The rabbits’ genomes have a [] b) The rabbits change their phenotypes
flexible response to environmental stimuli. to attract mates.

[] c) Rabbits whose coat color does not [J d) Increased ultraviolet light can alter
change represent a more evolved species the genome of these rabbits.

9. Inhorses, the grey coat color (G) is dominant to non-grey coat
color (g). Additionally, some horses have a genetic disorder
called hyperkalemic periodic paralysis or HYPP. HYPP is an
inherited autosomal dominant disorder that affects the sodium
channels in muscle cells. HYPP (H) is dominant to the normal
condition (h). If a non-grey, normal stallion sires a foal that is
not grey and does not have HYPP, which of the following
genotypes are possible genotypes for the mother?

[0 a) GGhh and ggHH [ b) ggHH and GgHh
[J] ¢) GGHH and GGHh [1 d) GgHh and gghh

10.  Many plant species are capable of producing offspring through
self-pollination. In self-pollination, gametes formed by meiosis
and are used to fertilize egg cells from the same plant. Which
of the following statements describes why offspring produced
through self-pollination can exhibit genetic diversity?

[1 a) The genes found in each gamete will [J b) The self-pollination gametes are produced
be genetically identical to one another. through meiosis and have undergone
DNA replication.

[ c) Homologous chromosomes were sorted into [] d) Gametes involved in self-pollination only
different gamete cells causing separation of travel a short distance prior to
allele pairs. becoming involved in fertilization.

hitps://quizizz.com/print/quiz/59dedfe2b7c74210004b7¢9d 314
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Nucleic acids

Science > AP® Biology »

Gene expression and

AP Bio: IST-1 (EU), IST-1.A (LO), IST-1.A.1 (EK), IST-1.L (LO),
IST-1.L.1 (EK), IST-1.N (LO), IST-1.N.1 (EK), IST-1.N.2 (EK)

regulation > DNA and RNA

structure DNA and RNA structure and function. Nucleotides and
DNA and RNA structure polynucleotides. mRNA, rRNA, tRNA, miRNA, and siRNA.
[:] Google Classroom El Facebook ™M
m Molecular structure of ¥ Twitter Email
------ 1 DNA
Molecular structure of »
[>] RNa Introduction

. Nucleic acids, and DNA in particular, are key
Nucleic acids

macromolecules for the continuity of life. DNA

Prokaryote struchure bears the hereditary information that's passed on

from parents to children, providing instructions for
Practice: DNA and RNA how (and when) to make the many proteins needed
structure

to build and maintain functioning cells, tissues, and
organismes.

Next [esson
Replication

How DNA carries this information, and how it is put
into action by cells and organisms, is complex,
fascinating, and fairly mind-blowing, and we'll
explore it in more detail in the section on molecular

hlrps://\vww.khm1acadcmy.org/scicncclap-biologylgch»cxpression-and-reguIation/dnu-and-rna-s(ruclure/a/nucleic-acids 1722
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biology. Here, we'll just take a quick look at nucleic
acids from the macromolecule perspective.

Roles of DNA and RNA in cells

Nucleic acids, macromolecules made out of units
called nucleotides, come in two naturally occurring
varieties: deoxyribonucleic acid (DNA) and
ribonucleic acid (RNA). DNA is the genetic material
found in living organisms, all the way from single-
celled bacteria to multicellular mammals like you
and me. Some viruses use RNA, not DNA, as their
genetic material, but aren’t technically considered
to be alive (since they cannot reproduce without
help from a host).

DNA in cells

In eukaryotes, such as plants and animals, DNA is
found in the nucleus, a specialized, membrane-
bound vault in the cell, as well as in certain other
types of organelles (such as mitochondria and the
chloroplasts of plants). In prokaryotes, such as
bacteria, the DNA is not enclosed in a membranous
envelope, although it's located in a specialized cell
region called the nucleoid.

In eukaryotes, DNA is typically broken up into a
number of very long, linear pieces called
chromosomes, while in prokaryotes such as
bacteria, chromosomes are much smaller and often

https://www.khanacademy.org/science/ap-biology/gene-expression-and-regulation/dna-and-rna-structure/a/nucleic-acids 2122
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circular (ring-shaped). A chromosome may contain
tens of thousands of genes, each providing
instructions on how to make a particular product
needed by the cell.

From DNA to RNA to proteins

Many genes encode protein products, meaning that
they specify the sequence of amino acids used to
build a particular protein. Before this information
can be used for protein synthesis, however, an RNA
copy (transcript) of the gene must first be made.
This type of RNA is called a messenger RNA
(mRNHA), as it serves as a messenger between DNA
and the ribosomes, molecular machines that read
MRNA sequences and use them to build proteins.
This progression from DNA to RNA to protein is
called the “central dogma” of molecular biology.

Importantly, not all genes encode protein products.
For instance, some genes specify ribosomal RNAs
(rRNAs), which serve as structural components of
ribosomes, or transfer RNAs (tRNAs), cloverleaf-
shaped RNA molecules that bring amino acids to
the ribosome for protein synthesis. Still other RNA
molecules, such as tiny microRNAs (miRNAs), act
as regulators of other genes, and new types of non-
protein-coding RNAs are being discovered all the
time.

hltps://\V\vw.khanacadcmy.org/sciencc/ap-hiology/genc-expression-aud-rcgulation/dna-and-ma-struclure/a/nuclcic-acids
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Nucleotides

DNA and RNA are polymers (in the case of DNA,
often very long polymers), and are made up of
monomers known as nucleotides. When these
monomers combine, the resulting chain is called a
polynucleotide (poly- = "many").

Each nucleotide is made up of three parts: a
nitrogen-containing ring structure called a
nitrogenous base, a five-carbon sugar, and at least
one phosphate group. The sugar molecule has a
central position in the nucleotide, with the base
attached to one of its carbons and the phosphaté ‘
group (or groups) attached to another. Let's look at
each part of a nucleotide in turn.

Pyrimidines
T i i
c c CcH c
NZ ScH  HNT YT HNT NcH

Il | II | Il

O—
Q
O

CH CH
o N7 o? SN o “n”
H H H
Cytosine Thymine (in DNA)  Uraclt (in RNA)
C T U
Purines
NH; o
! i
C,;N\c/ SN N~ “nm
"Netoatn LU
o
:’ W NTESNT TN,
Adenine Guanine
A G

9 o
N N N y
Base — H—</ l /l\ 5* carbon H—</ I J\
7 7
N N NH; N " -~
- o}
1] _
O"—=P—0O-+—+CH, 0. Q —T—O -CH, (o)
l ol "
o” — Deoxyribase kY cnrbEn K 7 ]—I carbon
] or ribose
sugar 3" carhon 1 2' carbor
Phosphate arho ——ﬁ: 1 carbon

OH OH
HOCH; o OH HOCH, _o OH
H H H H
H H H H
OH H QH OH
Deoxyribose (in DNA) Ribose (in RNA)
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_Image modified from "Nucleic acids: Figure 1," by OpenStax College,
Biology (CC BY 3.0)

Nitrogenous bases

The nitrogenous bases of nucleotides are organic
(carbon-based) molecules made up of nitrogen-
containing ring structures. [Why is it called a base?]

Each nucleotide in DNA contains one of four
possible nitrogenous bases: adenine (A), guanine (G)
cytosine (C), and thymine (T). Adenine and guanine
are purines, meaning that their structures contain
two fused carbon-nitrogen rings. Cytosine and
thymine, in contrast, are pyrimidines and have a
single carbon-nitrogen ring. RNA nucleotides may
also bear adenine, guanine and cytosine bases, but
instead of thymine they have another pyrimidine
base called uracil (U). As shown in the figure above,
each base has a unique structure, with its own set
of functional groups attached to the ring structure.

In molecular biology shorthand, the nitrogenous
bases are often just referred to by their one-letter
symbols, A, T, G, C, and U. DNA contains A, T, G, _
and C, while RNA contains A, U, G, and C (that is, U
is swapped in for T).

Sugars

In addition to having slightly different sets of bases,
DNA and RNA nucleotides also have slightly
different sugars. The five-carbon sugar in DNA is

hups://www khanacademy.org/science/ap-biology/gene-expression-and-regulation/dna-and-rna-structure/a/nucleic-acids 5122



3/17/2020 (42) Nucleic acids (article) | Khan Academy

called deoxyribose, while in RNA, the sugar is
ribose. These two are very similar in structure, with
just one difference: the second carbon of ribose
bears a hydroxyl group, while the equivalent carbon
of deoxyribose has a hydrogen instead. The carbon
atoms of a nucleotide’s sugar molecule are
numbered as 1/, 2, 3,4, and 5’ (1’ is read as “one
prime”), as shown in the figure above. In a
nucleotide, the sugar occupies a central position,
with the base attached to its 1’ carbon and the
phosphate group (or groups) attached to its 5’
carbon.

Phosphate

Nucleotides may have a single phosphate group, or
a chain of up to three phosphate groups, attached
to the 5’ carbon of the sugar. Some chemistry
sources use the term “nucleotide” only for the
single-phosphate case, but in molecular biology, the
broader definition is generally accepted!

In a cell, a nucleotide about to be added to the end
of a polynucleotide chain will bear a series of three
phosphate groups. When the nucleotide joins the
growing DNA or RNA chain, it loses two phosphate
groups. So, in a chain of DNA or RNA, each
nucleotide has just one phosphate group.

Polynucleotide chains

https://www khanacademy.org/scicnce/ap-biology/gene-expression-and-regulation/dna-and-rna-structure/a/nucleic-acids 6/22
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A consequence of the structure of nucleotides is
that a polynucleotide chain has directionality - that
is, it has two ends that are different from each
other. At the 5’ end, or beginning, of the chain, the
5’ phosphate group of the first nucleotide in the
chain sticks out. At the other end, called the 3’ end,
the 3’ hydroxyl of the last nucleotide added to the
chain is exposed. DNA sequences are usually
written in the 5' to 3' direction, meaning that the
nucleotide at the 5' end comes first and the
nucleotide at the 3' end comes last.

As new nucleotides are added to a strand of DNA
or RNA, the strand grows at its 3’ end, with the 5’
phosphate of an incoming nucleotide attaching to
the hydroxyl group at the 3’ end of the chain. This
makes a chain with each sugar joined to its
neighbors by a set of bonds called a
phosphodiester linkage.

Properties of DNA

Deoxyribonucleic acid, or DNA, chains are typically
found in a double helix, a structure in which two
matching (complementary) chains are stuck
together, as shown in the diagram at left. The
sugars and phosphates lie on the outside of the
helix, forming the backbone of the DNA: this
portion of the molecule is sometimes called the
sugar-phosphate backbone. The nitrogenous bases

https://www.khanacademy.org/science/ap-biology/gene-expression-and-regulation/dna-and-rna-structure/a/nucleic-acids 722
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extend into the interior, like the steps of a staircase,
in pairs; the bases of a pair are bound to each other
by hydrogen bonds.

Image credit: Jerome Walker/Dennis Myts.

The two strands of the helix run in opposite
directions, meaning that the 5’ end of one strand is
paired up with the 3’ end of its matching strand.
(This is referred to as antiparallel orientation and is
important for the copying of DNA.)

So, can any two bases decide to get together and
form a pair in the double helix? The answer is a
definite no. Because of the sizes and functional

https://www.khanacademy.org/science/ap-biology/gene-expression-and-regulation/dna-and-rna-structure/a/nucleic-acids 8/22
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groups of the bases, base pairing is highly specific:
A can only pair with T, and G can only pair with C,
as shown below. This means that the two strands of
a DNA double helix have a very predictable
relationship to each other.

For instance, if you know that the sequence of one
strand is 5-AATTGGCC-3’, the complementary
strand must have the sequence 3-TTAACCGG-5'
This allows each base to match up with its partner:

5—A-A-T-TH{6H6G-{c}c]-=

V(ji

¥-T-T-a-Ac] cI;’G’HéIE«S'

When two DNA sequences match in this way, such
that they can stick to each other in an antiparallel
fashion and form a helix, they are said to be
complementary.

A
Thymine O‘._.HLN denme
B '
oo ) O P
Hoghe) NH \x
o N~< N O 0.0~
0 _Ha 0
O\\ /N O m
o o N / NH -
N Qg0
N .-0
Cytosine o
Gmnme 5

Image modified from OpenStax Biology.
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Properties of RNA

Ribonucleic acid (RNA), unlike DNA, is usually
single-stranded. A nucleotide in an RNA chain will
contain ribose (the five-carbon sugar), one of the
four nitrogenous bases (A, U, G, or C), and a
phosphate group. Here, we'll take a look at four
major types of RNA: messenger RNA (mRNA),
ribosomal RNA (rRNA), transfer RNA (tRNA), and
regulatory RNAs.

Messenger RNA (mRNA)

Messenger RNA (mRNA) is an intermediate
between a protein-coding gene and its protein
product. If a cell needs to make a particular protein,
the gene encoding the protein will be turned “on)”
meaning an RNA-polymerizing enzyme will come
and make an RNA copy, or transcript, of the gene’s
DNA sequence. The transcript carries the same
information as the DNA sequence of its gene.
However, in the RNA molecule, the base T is
replaced with U. For instance, if a DNA coding
strand has the sequence 5-AATTGCGC-3’, the
sequence of the corresponding RNA will be 5'-
AAUUGCGC-3.

Once an mRNA has been produced, it will associate
with a ribosome, a molecular machine that
specializes in assembling proteins out of amino
acids. The ribosome uses the information in the
MRNA to make a protein of a specific sequence,

htps://wwi khanacademy.org/science/ap-biology/gene-expression-and-regulation/dna-and-rna-structure/a/nucleic-acids
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‘reading out” the mRNA’s nucleotides in groups of
three (called codons) and adding a particular amino
acid for each codon.

Ribosome large
subunit

kasmnesmau——i\:;____,J

subunit

Image credit: OpenStax Biology.

Ribosomal RNA (rRNA) and transfer
RNA (tRNA)

Ribosomal RNA (rRNA) is a major component of
ribosomes, where it helps mRNA bind in the right
spot so its sequence information can be read out.
Some rRNAs also act as enzymes, meaning that
they help accelerate (catalyze) chemical reactions —
in this case, the formation of bonds that link amino
acids to form a protein. RNAs that act as enzymes
are known as ribozymes.

Transfer RNAs (tRNAs) are also involved in protein
synthesis, but their job is to act as carriers - to
bring amino acids to the ribosome, ensuring that
the amino acid added to the chain is the one
specified by the mRNA. Transfer RNAs consist of a
single strand of RNA, but this strand has

y/gene-cxprcssion-and-rcgulation/dna—and-ma-slructurc/a/nuclcic-acids
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complementary segments that stick together to
make double-stranded regions. This base-pairing
creates a complex 3D structure important to the
function of the molecule.

tRNA molecule
(3D structure)

Image modified from Protein Data Bank (work of the U.S. government).

Regulatory RNA (miRNAs and
siRNAs)

Some types of non-coding RNAs (RNAs that do not
encode proteins) help regulate the expression of
other genes. Such RNAs may be called regulatory
RNAs. For example, microRNAs (miRNAs) and
small interfering RNAs siRNAs are small regulatory
RNA molecules about 22 nucleotides long. They
bind to specific mMRNA molecules (with partly or

https://www.khanacademy.org/science/ap-biology/gene-expression-and-regulation/dna-and-rna-structure/a/nucleic-acids 12122
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fully complementary sequences) and reduce their
stability or interfere with their translation, providing
a way for the cell to decrease or fine-tune levels of
these mRNAs.

These are just some examples out of many types of
noncoding and regulatory RNAs. Scientists are still
discovering new varieties of noncoding RNA.

[More about regulatory RNAs]

Summary: Features of DNA and
RNA

DNA RNA
Function Repository Involved in protein
of genetic synthesis and gene

information  regulation; carrier of
genetic information in
some viruses

Sugar Deoxyribose Ribose

Structure Double helix  Usually single-
stranded
Bases C,TAG C,UAG

Table modified from OpenStax Biology.
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Term Meaning

E‘.@ Molecular mechanism of
= DNA replication DNA Nucleic acid that transmits

(deoxyribonucleic  genetic information from

acid) parent to offspring and codes
for the production of
proteins

Nucleotide Building block of nucleic
acids

Double helix Structure of two strands,

intertwining around an axis
like a twisted ladder
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Term Meaning

DNA replication  Process during which a
double-stranded DNA
molecule is copied to
produce two identical DNA
molecules

Base pairing Principle in which the
nitrogenous bases of the
DNA molecules bond with
one another

DNA structure

DNA is a nucleic acid, one of the four major groups
of biological macromolecules.

Nucleotides

All nucleic acids are made up of nucleotides. In
DNA, each nucleotide is made up of three parts: a
S-carbon sugar called deoxyribose, a phosphate
group, and a nitrogenous base.

DNA uses four kinds of nitrogenous bases: adenine
(A), guanine (G) cytosine (C), and thymine (T).

RNA nucleotides may also contain adenine, guanine

and cytosine bases, but instead of thymine they
have another base called uracil (U).

hllps://w\v\v.khanac:\dcmy.org/sciencc/ap-biology/gcnc-cxprcssion—and-rcgulnlionlrcplication/n/hs-dna-struclurc—nnd-rcplication—rcview 2116
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Chargaff's rules

In the 1950s, a biochemist named Erwin Chargaff
discovered that the amounts of the nitrogenous
bases (A, T, C, and G) were not found in equal
quantities. However, the amount of A always
equalled the amount of T, and the amount of C
always equalled the amount of G.

These findings turned out to be crucial to
uncovering the model of the DNA double helix.

Double helix

The discovery of the double helix structure of DNA
was made thanks to a number of scientists in the
1950s.

Nitrogenous bases:
3 5/ =2 Adenine
C—X Thymine
&= Guanine
C—=X Cytosine

Major
groove

Base pair

Sugar-
phosphate
backbone

groove

DNA double helix. Image modified from OpenStax, CC BY 3.0.
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DNA molecules have an antiparallel structure - that
is, the two strands of the helix run in opposite
directions of one another. Each strand has a 5' end
and a 3' end.

Solving the structure of DNA was one of the great
scientific achievements of the century.

Knowing the structure of DNA unlocked the door
to understanding many aspects of DNA's function,
such as how it is copied and how the information it
carries can be used to produce proteins.

DNA replication

hllps://www.khanacadcmy.org/scicncc/ap-biology/gcnc-exprcssion-and-rcgulzllion/rcplica(ion/a/hs-dna—slructurc-and-rcplicnlion-revic\v 416
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S—

Semi-conservative

Semi-conservative replication. Image modified from OpenStax, CC BY 3.0.

DNA replication is semi-conservative. This means
that each of the two strands in double-stranded
DNA acts as a template to produce two new
strands.

Replication relies on complementary base pairing,
that is the principle explained by Chargaff's rules:
adenine (A) always bonds with thymine (T) and
cytosine (C) always bonds with guanine (G),

hl(ps:l/\vww.khanacademy.org/science/ap-biology/gcnc-cxprcssion-and—rcguIation/rcplica(ion/a/hs-dna-slructurc-and-rcplicalion-revie\v 5/16
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The replication process

DNA double helix

5 AG| T T A |G| 3
’ Hydrogen bonds break

and helix opens

33 A A T C 5 Eachstrand of DNA
acts as a template for
synthesis of a new,

5 A G T T 3 complementary strand

5 A G T T A G 3
o Replication produces
33T C€C A A T C 5 twoidentical DNA
double helices, each
5 A G T T A G 3 Wwithonenewandone
old strand

DNA replication occurs through the help of several
enzymes. These enzymes "unzip" DNA molecules
by breaking the hydrogen bonds that hold the two
strands together.

hl[ps://\vww.klmnncadcmy.org/scicncc/z\p-biology/gcnc-cxprcssion-and-rcgulalion/rcplication/a/hs-dna-s(ruclurc-z\nd-rcplic:\tion—rcvicw
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Each strand then serves as a template for a new
complementary strand to be created.

Complementary bases attach to one another (A-T
and C-G).

p&m‘f DNA po\\IM£rose

s’i/l Y

7\
o\d DNA /

strond | oo, oL €

The primary enzyme involved in this is DNA
polymerase which joins nucleotides to synthesize
the new complementary strand. DNA polymerase
also proofreads each new DNA strand to make sure
that there are no errors.

Leading and lagging strands

DNA is made differently on the two strands at a
replication fork.

One new strand, the leading strand, runs 5' to 3'
towards the fork and is made continuously.

The other, the lagging strand, runs 5' to 3' away
from the fork and is made in small pieces called

hltps://\vww.khanacadcmy.0rg/scicnce/ap-biology/gcnc-expression—;md-rcguIalion/replication/a/hs-dna—struclure-and-replication-rcvic\v 716
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Okazaki fragments.
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Example: Determining a
complementary strand

DNA is only synthesized in the 5' to 3' direction.
You can determine the sequence of a
complementary strand if you are given the
sequence of the template strand.

For instance, if you know that the sequence of one
strand is 5-AATTGGCC-3', the complementary
strand must have the sequence 3'-TTAACCGG-5'.
This allows each base to match up with its partner:

5-A-A-T-T-{G-G-C-C-3

3-T-T-A-AlclcHelG)-5

Common mistakes and
misconceptions

https://www khanacademy.org/science/ap-biology/genc-expression-and-regulation/replication/a/hs-dna-structure-and-replication-review 8/16
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e DNA replication is not the same as cell
division. Replication occurs before cell division,
during the S phase of the cell cycle. However,
replication only concerns the production of
new DNA strands, not of new cells.

e Some people think that in the leading strand,
DNA is synthesized in the 5’ to 3’ direction,
while in lagging strand, DNA is synthesized in
the 3’ to 5’ direction. This is not the case. DNA
polymerase only synthesizes DNA in the 5’ to 3’
direction only. The difference between the
leading and lagging strands is that the leading
strand is formed towards replication fork, while
the lagging strand is formed away from
replication fork.

Sortby:  Top Voted v

Questions  Tips & Thanks

Want to join the conversation?

You need at least 5000 energy points to get started.

Samuel Rex 4 years ago @

What does the "prime" mean when he is
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Directions: Below are the 3 steps in DNA replication. Follow the directions for each step and then
answer the questions below.

A T
1. -What is happening to the DNA molecule in the figure? l— N I
(Explain the first step in DNA replication) A
C G
C G
T A
G C
C G
A T
F AT AT T
2. -What happens to the DNA molecule during the second ey TR
step of DNA replication?
S LB o
C G
. =
CR
. A
e L/ g
A ST
F ¢ =l

naAa T A
3. -What happens during the third step of DNA replication? —
A .
(o] G S
T A
cC G T
(o] G
T A
0 c G
G ¢
- T A
C G ——r
G c
A T
| L c G
A T
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How DNA Is Copied

4. What does it mean that the two strands of DNA are complementary?

5. What is DNA replication?

6. Using your notes, book, and this assignment, place the steps of DNA replication in the correct order.

a. The enzyme DNA polymerase moves along the exposed strands and adds
complementary nucleotides to each nucleotide in each existing strand.

b. The DNA double helix breaks or unzips down the middle between the base pairs.

c. A complementary strand is created for each of the two strands of the original
double helix.

d. Two new identical DNA molecules have been produced.

7. (True or False) The process of DNA replication results in a copy of the original DNA molecule.

8. (True or False) DNA does not have to break apart to be copied.

9. (True or False) After DNA replication is complete, there are two new DNA molecules; one molecule
has both of the original strands and one molecule has two new strands of DNA.

10.Where does DNA replication happen?

11.When does DNA replication happen?

12.Below are DNA strands. Make the complementary DNA strand:

Complementary Strand:

Complementary Strand:

Complementary Strand:

Original Strand: ATGCAAATTGCTCACCGGGGATCAGCACCGG

Original Strand: AGGGGATCAGCACCGGATTTCATGAGCCCTA

Original Strand: AAGTACGATCGATGCACATGCATGGCTACGC

When a cell copies a DNA molecule:

U 1O =

. DNA is unzipped. by helicase
. The complementary bases are added to each template strand.by DNA polymerase
. The 2 new strands are proofread for errors. by DNA polymerase and then DNA winds up.
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Science - AP® Biology + Gene expression and regulation
- Transcription and RNA processing

Overview of transcription

AP Bio: IST-1 (EU), IST-1.N (LO), IST-1.N.2 (EK), IST-1.N.3 (EK),
IST-1.N.4 (EK), IST-1.N.5 (EK), IST-1.N.6 (EK)

In transcription, the DNA sequence of a gene is transcnbed
(copied out) to make an RNA molecule.

[zl Google Classroom El Facebook M
¥ Twitter Email
Key points:

° Transcription is the first step in gene
expression. It involves copying a gene's DNA
sequence to make an RNA molecule.

e Transcription is performed by enzymes called
RNA polymerases, which link nucleotides to
form an RNA strand (using a DNA strand as a
template).

e Transcription has three stages: initiation,
elongation, and termination.

hltps://ww\vkhanacadcmy.org/sciencc/ap-biology/gcnc-cxprcssion-and-rcgulation/transcri plion-and~rna-proccssing/a/ovcrvic\v-of-lranscription 1117
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e In eukaryotes, RNA molecules must be
processed after transcription: they are spliced
and have a 5' cap and poly-A tail put on their
ends.

e Transcription is controlled separately for each
gene in your genome.

Introduction

Have you ever had to transcribe something? Maybe
someone left a message on your voicemail, and you
had to write it down on paper. Or maybe you took
notes in class, then rewrote them neatly to help you
review.

As these examples show, transcription is a process
in which information is rewritten. Transcription is
something we do in our everyday lives, and it's also
something our cells must do, in a more specialized
and narrowly defined way. In biology, transcription
is the process of copying out the DNA sequence of
a gene in the similar alphabet of RNA.

Overview of transcription

Transcription is the first step in gene expression, in
which information from a gene is used to construct
a functional product such as a protein. The goal of

hllps://wwwkhanacadcmy.org/science/np-biology/gcne—exprcssion—and-regulation/lmnscrip(ion-nncLrna-processing/a/ovcrvicw-of—transcriplion 2/17



3/17/2020 (42) Transcription: an overview of DNA transcription (article) | Khan Academy

transcription is to make a RNA copy of a gene's
DNA sequence. For a protein-coding gene, the RNA
copy, or transcript, carries the information needed
to build a polypeptide (protein or protein subunit).
Eukaryotic transcripts need to go through some
processing steps before translation into proteins.

Tv-w\scv'\p‘\"\ov\

Travns\aXion

RNA polymerase

The main enzyme involved in transcription is RNA
polymerase, which uses a single-stranded DNA
template to synthesize a complementary strand of
RNA. Specifically, RNA polymerase builds an RNA
strand in the 5' to 3' direction, adding each new
nucleotide to the 3' end of the strand.

/e

g i )31 (4
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RNA polyrmecose
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Stages of transcription

Transcription of a gene takes place in three stages:
initiation, elongation, and termination. Here, we will
briefly see how these steps happen in bacteria. You
can learn more about the details of each stage (and
about how eukaryotic transcription is different) in
the stages of transcription article.

1. Initiation. RNA polymerase binds to a
sequence of DNA called the promoter, found
near the beginning of a gene. Each gene (or
group of co-transcribed genes, in bacteria) has
its own promoter. Once bound, RNA
polymerase separates the DNA strands,
providing the single-stranded template needed
for transcription.

Ru:orﬁv\v\mh Sites Toavsciled egon
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2. Elongation. One strand of DNA, the template
strand, acts as a template for RNA polymerase.
As it "reads" this template one base at a time,

https://wwiv khanacademy.org/science/ap-biology/gene-expression-and-regulation/transcription-and-rna-processing/a/overview-of-transcription 4/17
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the polymerase builds an RNA molecule out of
complementary nucleotides, making a chain
that grows from 5' to 3" The RNA transcript
carries the same information as the non-
template (coding) strand of DNA, but it
contains the base uracil (U) instead of thymine
(T). [What do 5' and 3' mean?]
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3. Termination. Sequences called terminators
signal that the RNA transcript is complete.
Once they are transcribed, they cause the
transcript to be released from the RNA
polymerase. An example of a termination
mechanism involving formation of a hairpin in
the RNA is shown below.

ANA
polymexose

Tevminator ot
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Eukaryotic RNA modifications

In bacteria, RNA transcripts can act as messenger
RNAs (mRNAs) right away. In eukaryotes, the
transcript of a protein-coding gene is called a pre-
mRNA and must go through extra processing
before it can direct translation.

e Eukaryotic pre-mRNAs must have their ends
modified, by addition of a 5' cap (at the
beginning) and 3' poly-A tail (at the end).

e Many eukaryotic pre-mRNAs undergo splicing.
In this process, parts of the pre-mRNA (called
introns) are chopped out, and the remaining
pieces (called exons) are stuck back together.

! G- T e RRAR - o

g cop T wov\si:l_J Po\\’—A Yol

w'(“\. Ty {/i, 59\\(_\\!\3
{ )

Mature mRNA

End modifications increase the stability of the
mRNA, while splicing gives the mRNA its correct
sequence. (If the introns are not removed, they'll be
translated along with the exons, producing a
"gibberish" polypeptide.)

To learn more about pre-mRNA modifications in
eukaryotes, check out the article on pre-mRNA

https://wwsw khanacademy.org/sciencc/ap-biology/gene-cexpression-and-regulation/transcription-and-rna-processing/a/overview-of -transcription 6/17
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processing.

Transcription happens for
individual genes

Not all genes are transcribed all the time. Instead,

transcription is controlled individually for each gene

(or, in bacteria, for small groups of genes that are
transcribed together). Cells carefully regulate

transcription, transcribing just the genes whose
products are needed at a particular moment.

For example, the diagram below shows a "snapshot"

of an imaginary cell's RNAs at a given moment in
time. In this cell, genes 1, 2 and 3, are transcribed,
while gene 4 is not. Also, genes 1, 2, and 3 are
transcribed at different levels, meaning that

different numbers of RNA molecules are made for

each.

Gene. 2

In the following articles, we'll take a more in-depth
look at RNA polymerase, the stages of
transcription, and the process of RNA modification
in eukaryotes. We'll also consider some important

hnps://\vw\v.khanacademy.org/science/ap—biology/gene-cxprcssion-and-regulalion/lranscription-and-ma-proccssing/a/ovcrvicW»of-lranscripliou
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differences between bacterial and eukaryotic
transcription.

[References]
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Questions  Tips & Thanks

Want to join the conversation?

You need at least 5000 energy points to get started.

. Anson Chan 4 years ago (@)

The hairpin somewhat appears to look like a
tRNA molecule. Am | wrong in saying that tRNA
is formed from these hairpin structures?

(14 votes) [J Flag
emilyabrash 4 years ago ©

No, you're not wrong. A tRNA contains
hairpins as well, though the hairpins
play different roles in the two cases. In
transcription termination, the hairpin
causes the RNA polymerase to stall
and the transcript to separate from the
DNA. In a tRNA, multiple hairpins form
and give the tRNA molecule the 3D

hllps://w\\'w.khanacadcmy.org/scicncc/ap-biology/gcnc—cxprcssion-and—rcgulali on/transcription-and-rna-processing/a/overview-of -transcriplion 8/17
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Writing the Formulas of Covalent Compounds

1) Write the symbol/formula of the first element in the compound’s name, then the
symbol/formula of the second element in the compound’s name.
2) Indicate how many atoms of each element the molecule contains using subscripts after the
atomic symbol.
* The numbers of atoms are given in the molecule’s name in Greek prefixes
* NOTE: If there is no Greek prefix in front of the first element in the name, that
means the number is 1.

Example: Write the formula of dinitrogen tetrafluoride.

1) Write the symbol/formula of the first element in the compound’s name, then the
symbol/formula of the second element in the compound’s name.

N F

2) Indicate how many atoms of each element the molecule contains using subscripts after the
atomic symbol.

NgF O
* The numbers of atoms are given in the molecule’s name in Greek prefixes.
* dinitrogen tetrafluoride

* see your chapter 3 notes for a list of the Greek prefixes
N5F,4
* NOTE: If there is no Greek prefix in front of the first element in the name, then

the numberis 1.
* Example carbon tetrachloride = CCl4

Example: Write the formula of carbon disulfide.

1) Write the symbol/formula of the first element in the compound’s name, then the
symbol/formula of the second element in the compound’s name.

CS

2) Indicate how many atoms of each element the molecule contains using subscripts after the

atomic symbol.
NN

* The numbers of atoms are given in the molecule’s name in Greek prefixes.
¢ carbon disulfide
* seeyour chapter 3 notes for a list of the Greek prefixes

Clsz = CSZ

* NOTE: If there is no Greek prefix in front of the first element in the name, then
the number is 1.



Write the formulas for the following covalent compounds:

See next page for KEY

a. disulfur tetrafluoride

b. carbon trioxide

c. nitrogen pentoxide

d. nitrogen tribromide

e. dinitrogen heptachloride

f. carbon tetrachloride

g. hydrogen monochloride

h. trihydrogen monophosphide

i. dihydrogen monoxide

10



KEY

. disulfur tetrafluoride S,F,

. carbon trioxide CO3

. nitrogen pentoxide NOs

. hitrogen tribromide NBr3

. dinitrogen heptachloride N,Cl,
carbon tetrachloride CCl,

. hydrogen monochloride HCI

. trihydrogen monophosphide HsP

dihydrogen monoxide H,0

11



Given the Formulas for Compounds, Write the Name

Determine if the Compound is Binary Covalent (Molecular) or lonic:

Does the compound contain only two types of nonmetal elements?

Yes

No

v

Binary Covalent (Molecular)
Compound:

1) List the name of the first element in the
formula.
2) List the second element and add the "ide"
suffix.
3) Use Greek prefixes to indicate the
number of each atom in the formula.
e FException: Do not use mono- for the
first element in the name.
e The o or a at the end of the Greek
prefix is dropped when the element
name begins with a vowel.

!

lonic Compound:

1) Write the cation name first, then
name the anion.

e Monoatomic anions use the “ide”
suffix

2) If the cation is one of the metals with
various charges, write the charge
using parenthesis and Roman
numerals after the metal name.

12




Writing the Names of lonic Compounds

Example: Write the name for CaBr;
1) Write the cation name first, then name the anion.
* monoatomic anions use the “ide” suffix

calcium bromide

2) If the cation is one of the transition metals with various charges, write the charge using
parenthesis and Roman numerals after the metal name.
* Not necessary here, there is not a transition metal present

Example: Write the name for Mg(NOs),
1) Write the cation name first, then name the anion.
* monoatomic anions use the “ide” suffix

* Here we notice that the anion is a polyatomic ion. Get the name from the
polyatomic ion table (in your notes or textbook). You will be given a copy of
the polyatomic ion table on your exams.

* Do not change the suffix to “ide” with polyatomic ions:

magnesium nitrate
2) If the cation is one of the transition metals with various charges, write the charge using

parenthesis and Roman numerals after the metal name.
* Not necessary here, there is not a transition metal present

13



Writing the Names of lonic Compounds

Example: Write the name for CuF;

1) Write the cation name first, then name the anion.
* monoatomic anions use the “ide” suffix

copper fluoride

2) If the cation is one of the transition metals with various charges, write the charge using
parenthesis and Roman numerals after the metal name.

copper(?) fluoride

«  We must figure out what the charge is on the copper, we can deduce the charge
on the transition metal cations from the charge on the anions
« Recall that the total charge for any compound must equal zero.
- Since there are two fluorides, each with a charge of (1-) and there is only

one copper, we can conclude that the charge on the copper must be (2+).

»  You can think of this as the reverse criss-cross! See chapter 3
notes for more details.

copper(ll) fluoride

T

write the charge in parenthesis in

Roman numerals after the cation name

14



Write the names of the following compounds:
See next page for key

NacCl

Fez(C03)3

Cu(OH),

(NHa);504

LINOs

BaS0O,

Mg(NO_:,);_

AgCl

Al(OH)3

CaSO4

FeS

FeCI3

Nal

l\/lgCO3




KEY

NaCl sodium chloride
Fe,(CO3s)s iron(lll) carbonate
Cu(OH); copper(ll) hydroxide
(NH4)2S04 ammonium sulfate
LiNO3 lithium nitrate

BaSQq barium sulfate
Mg(NO3), magnesium nitrate

AgCl silver chloride

(note: silver is one of the transition metals that only occurs as a (1+) ion)

Al{OH)3 aluminum hydroxide

CaS0, calcium sulfate

FeS Iron(ll) sulfide

FeClz iron(lll) chloride

Nal sodium iodide

MgCO3 magnesium carbonate

16
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Balancing Chemical Equations

Why?

In a chemical reaction, matter cannot be created or destroyed. The mass of the reactants
in a chemical reaction must be equal to the mass of the products. It is not possible to
start a chemical reaction with 2 atoms of hydrogen and produce 2 atoms of gold.
Similatly, it is not possible to start a chemical reaction with 2 atoms of hydrogen and
produce only 1 atom of hydrogen. When a chemical equation is written, the same
number of each type of atom must appear on both the product and reactant side.

1L molecule

1x
L molecule 1 molecule

1) According to Model 1, how many atoms of hydrogen and oxygen are in 1 molecule of water,
H.O?

2) According to Model 1, how many atoms of hydrogen and oxygen ate in 1 molecule of [0,
hydrogen peroxide?

3) According to Model 1, how many atoms of aluminum, sulfur, and oxygen are in 1 molecule of
aluminum sulfate, Aly(SO,)5?



4) How many atoms of hydrogen and oxygen are in 2 molecules of water?
5) How many atoms of hydrogen and oxygen are in 8 molecules of hydrogen peroxide?
6) How many atoms of aluminum, sulfur, and oxygen are in 3 molecules of aluminum sulfate?

7) How would you indicate 2 water molecules using chemical symbols?

8) Using complete sentences, explain the difference between the chemical formulas shown below.

4 I‘Izo and I'IBO.]

Read This!

In a chemical equation, two types of numbers can be used to tepresent the number of atoms
involved in the reaction. The first type of number is called a subscript. Subscripts are written
after the element symbol in a chemical formula to indicate the number of atoms present in the
compound. The second type of number is called a coefficient. A coefficient is a number
placed in front of a chemical formula to indicate the number of atoms or molecules involved in
a chemical reaction. Chemical equations should always be balanced; that is a chemical
equation should have the same number of atoms on both the reactant and product side of the
equation. When balancing a chemical equation, subscripts are never changed. A coefficient
can be used to ensure an equal number of atoms are found in both the reactant and product
side of a chemical equation.




Model 2

Figure 1
% :
H, +

Figure?2

2H, + Q, —_— 2 H,0

9) In Figure 1, how many molecules of reactants are shown? How many molecules of products are
shown?

10) Explain, using complete sentences, why the reaction represented in Figure 1 is not balanced.



11) In Figure 2, how many molecules of reactants are shown? How many molecules of products

are shown?

12) Using complete sentences, explain why the reaction represented in Figure 2 is not balanced.

13) In Figure 3, how many reactant molecules are shown? How many product molecules ate
shown?

14) Using complete sentences, explain why the reaction represented in Figure 3 is balanced.

15) Werite a balanced chemical equation to show how hydrogen and oxygen combine to produce

water.

Read This!

Model 3 below illustrates the Haber process, a method used to produce ammonia that was
developed during World War I. When the Allies blocked off all trade routes going to and from
Germany, the Germans lost access to their source of sodium nitrate and potassium nitrate
which were needed to make explosives. In response to the need for a soutce of nitrates,
chemist Fritz Haber developed what is now known as the Haber Process, which combines
molecular nitrogen from the air with molecular hydrogen to form ammonia gas. (Note: air is
78% nitrogen, so this synthesis is very clever because air is free and abundant.) Using the Haber
Process, the Germans had an uninterrupted soutce of nitrogen in a form that could be used to
make the nitrates needed for explosives. (http://haberchemistry.tripod.com/)




Model 3

Figured

B - OO — EEE
H, + N, —s H

INH;

FigureS
OOREOO)

H, + N,

~ @Q@
P2

@O - OO
00

3H, + N,

16) Describe what is depicted in Figure 4.




17) Does Figure 4 represent a balanced chemical equation? Why or why not? Explain your
teasoning in terms of the type and number of each atom present.

18) Describe what is depicted in Figute 5.

19) Does Figure 5 represent a balanced chemical equation? Why or why not?  Explain your
reasoning in terms of the type and number of each atom present.

20) Describe what is depicted in Figute 6.

21) Does Figure 6 represent a balanced chemical equation? Why or why not?  Explain your
reasoning in terms of the type and number of each atom present.

22) Write a balanced chemical equation for the synthesis of ammonia from hydrogen and nitrogen
gas.




Extension Questions

Using the smallest whole number coefficients, balance the following reactions. Draw diagrams like

those in Model 3 for Equations 1,2, and 6. You may use the space on the back of this sheet for
your diagrams.

1) HgO — _ Hg+ __ O,

2) Fe+ 0O, — Fe,0,

3 __ KCIO; — ____KCl+ __ O,

4) Ca(OH): + ____ H,SO, — ____ HOH + CaSO,
55— Cu+ __ AgNO; — ___ Cu@MNOj: + ____Ag

6) C:I‘I(, + Oz - CO: + H :O



i €
AP Chemistry Instruction Sheet
March 17 and 18" -Guided notes for Chemical Equilibrium Unit 13

March 18- Chemical Equilibrium problems

March 19"~ 2 beginning pH problems and 2 Chemical equilibrium
problems.

Monday March 23"~ March 28- Keq and Ice Problem worksheet

Monday March 30- April 3"- pH problems- 1 per day
And Guided Notes Unit 6 Thermochemistry
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Flower Structure and Reproduction

Flowers are the plant's reproductive structures. Angiosperms are types of plants that bear fruits and
flowers. Flowers are usually both male and female, and are brightly colored to attract insects to help
them carry pollen used for sexual reproduction. Not all flowers are colorful, though. These flowers
usually use the wind for pollination.

Parts of the Flower

The receptacle is the part of the branch on which a flower forms. Color the receptacle (B) brown.
Sepals are leaf like structures that surround and protect the flower before it blooms. Color the sepals
(C) green. Petals are the colorful part of the flower that attracts insects and even other small animals,
such as mice, birds, and bats. Color the petals (D) a bright color of your choice. All flowering plants
have flowers, but some are not brightly colored. The petals of these flowers are reduced or absent
and the plant relies on the wind or water for pollination.

The flower has both male and female reproductive parts. The female reproductive structures are
called carpels. In most flowers, the carpels are fused together to form a pistil. Color the pistil (P) pink.
The pistil has three parts, which can be seen, in the box labeled "pistil". The stigma at the top is often
sticky and is where the pollen attaches. Color the stigma (J) purple. The style is the long tube that
attaches the stigma to the ovary. Sperm from the pollen will travel down this tube to the ovules. The
ovules, or eggs, are stored in the ovary until they are fertilized. Plants can only fertilize eggs of the
same species. Special chemicals prevent sperm from fertilizing the eggs of flowers that are not the
same kind. Color the style (K) red, and the ovary (L) pink. Color the ovules (O) black.

The male reproductive structures are called the stamens. Color the stamens (H) blue. Each stamen
consists of an anther (A), which produces pollen, and a filament (F), which supports the anther. In the
box labeled "stamen" color the anther dark blue, and the filament light blue. Pollen produced by the
anther is carried by insects or other animals to the pistil of another flower where it may fertilize the

egygs.
Plant Reproduction

Sexual reproduction in plants occurs when the pollen from an anther is transferred to the stigma.
Plants can fertilize themselves: called self-fertilization. Self-fertilization occurs when the pollen from an
anther fertilizes the eggs on the same flower. Cross-fertilization occurs when the pollen is transferred
to the stigma of an entirely different plant.

When the ovules are fertilized, they will develop into seeds. The petals of the flower fall off leaving
only the ovary behind, which will develop into a fruit. There are many different kinds of fruits, including
apples and oranges and peaches. A fruit is any structure that encloses and protects a seed, so fruits
are also "helicopters” and acorns, and bean pods. When you eat a fruit, you are actually eating the
ovary of the flower.

Questions

1. What is an angiosperm?

hllps://ww\v.biologycomcr.com/\vorkshecls/ﬂowcr_coloring.h(ml 173
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2. The flower attaches to what part of the plant?

3. Why are flowers brightly colored?

- 4. Name two mammals that might pollinate a plant.

5. If the petals of a flower are reduced or absent, how is the plant pollinated?

6. The female reproductive structures are called the:

7. Name the three parts of the pistil:

8. Where are the ovules stored?

9. Name the two parts of the stamen:

10. Describe sexual reproduction in plants.

11. The ovary develops into what structure?

12. Define fruit.

13. Some flowers are not brightly colored at all, but have a very pungent odor that smells like rotting
meat. How do you think these flowers are pollinated?

14. In many flowers, the pistils and stamens reach maturity at different times. Considering what you
know about pollination, why would this be an advantage to the plant?

hllps://\vww.biolog)'comcr.com/\vorkshecls/ﬂowcr_colori ng.himl
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Comparing Monocots and Dicots ,L'LJ 15, /(0/ ’7

Both monocot and dicot seeds develop in similar ways and have the same parts. There are a few minor
differences: monocots start out with one seed leaf, while dicots have two. The technical word for seed leaf is
cotyledon: you can find it on the coloring sheet; it is the first leaf to emerge from a developing seed. Color all
the cotyledons (A) on the seeds dark green. As a seed, both monocots and dicots are covered by a seed
coat. Color the seed coat (B) yellow.

The seed consists of the outside seed coat and a large area called the endosperm which functions as a
source of reserve materials and food for the developing embryo. As germination occurs, the endosperm will
be broken down and used by the plant. Color the endosperm blue (C).

Germination occurs when the seed begins to sprout, usually in the spring and under appropriate conditions
the radicle, the part of the seed that will become the root, begins to elongate and grow downward. Color the
root brown (D). Meanwhile, the coleoptile begins to grow upward. The coleoptile is a sheath that encloses the
shoot of the embryo. The primary function of the coleoptile is to provide protection to the developing shoot as
it is passing through the soil. Color the coleoptile orange (E). Extending out from the coleoptile is the shoot.
Color the shoot purple (F).

Eventually adult leaves grow on the plant. Color these leaves light green. (G)

Adult Monocots and Dicots

Angiosperms are divided into two classes, the monocots and the dicots. The majority of flowering plants are
dicots. Dicots include maples, oaks, and magnolias. Monocots are grasses, wheat, corn, and rice. Most of our
food supply comes from monocots. The diagram compares the differences between the two.

First of all look at the roots. The root of a monocot is called a fibrous root and the root of a dicot is a taproot.
Notice how taproots have one main part - called the primary root. In a taproot the primary root grows very
large and small roots spread out from it. Fibrous roots, on the other hand, do not have very large primary
roots, and many small roots develop and remain near the surface. Color the taproot dark brown and the
fibrous root light brown.

Monocots and dicots also differ in their leaf structure. Adult monocots usually have parallel venation, whereas
dicots have net-like venation. For monocots and dicots, color the leaves green and outline the veins in a
darker green. The flowers of monocots and dicots differ in the number of petals they have. Monocots tend to
have flower parts that occur in 3's ( 3, 6, 9, 12...). Dicot flowers usually have 4 to 5 petals. Color the
monocot flower purple, and the dicot flower pink (make sure all petals are colored). Stems hold the
flowers up and attach the leaves, color the stems blue.

Monocot and dicots also differ in the way their vascular systems are arranged. In monocots, the vascular
bundles are scattered throughout the stem. In dicots, the vascular bundles are arranged in a ring. Color the
vascular bundles in both types of plants purple (V), color the stems blue.

Questions:

1. Give two examples of plants that are monocots.
2. Give two examples of plants that are dicots.
3. What is a cotyledon?
4. What is the radicle?

5. What is the coleoptile?

hitps://www.biologycorner.com/worksheets/monocot_dicot_coloring.html /4
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6. What is the function of the endosperm?
7. Fill out the table below.

Monocot Dicot Coloring

Number of Seed
Leaves

Type of Leaf
Venation

Number of Flower
Parts

Type of
Roots

Example

Monocot

Dicot

8. An unknown plant is brought to you and your job is to determine whether it is a monocot or a
dicot. You observe that the plant has 6 petals and its leaves have parallel veins. Is it a monocot or

a dicot?

https://www.biologycorner.com/worksheets/monocot_dicot_coloring.html
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COLORING
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< ___J Gather Evidence

Record ubservations sboui
the compasition and structure of
the solar system and the objects
thatmake itup. As yau explare th2
lessan, gather evidence thai can be
used to explain haw the solar
system farmad,
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176  Unit 4 Eazthin the SolarSystem

On tha lunar surface, nestad impact cratars ranging in size {rom microscopic 0
hundrads of kilometers in diamatar cover the desolate moonscape. Thay bear witness
to the violant history of the early solar systam. On Earth's mastly watery surface,
remindars of this period ar2 harder to find. What is therz to be leamed from impact
craters on the moon and on Earth?

Explain Why daesn't E2nthy's surface show th: same vialant history as the naon’s
surface?
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Il you compare a model of the solar system mads teday with models construciad in
the past, you will tind :hat they are differant The sofar system itself has not changed
significantiy over the past 2000 yaars, but our understanding of it has.

Solar System Models

What comes to mind when you Lhink about the solar sysiam? You might remember
seeing a recent full moon, the shimmering light of a distant star, or the brightness of a
nearby planet. Lixz you, anciant people also noticed the objects in thz2 night s<y.

= Explain Whatisa

LoD possiote causaaf the

apparent motienof the ebjza
shownin Figure 27

FIGURE 2: Fromn:gn

3¢ an ogjact

2 by angient

Early astronomars made caraful observations to construct explanations and build
models of the solar system. They wera familiar with the daily motion of the sun and
moon and discovared that throughous the yzar, dilferant groups cf stars appeared in
tha night sky. They also idertified five stariike objects that wandered back and forth
relativa to more distant stars and callzd them planats, Sised on thair obsar/ations,
these observers developed the geocantric model of the solar system. In this modal, all
the objeczs in the sky moved in circular paths around Earth, Tha paths of Mars, Jupiter,
and Saturn had loops called epicycles that halp axplain and predict their apparant
back-and-forth motion.

matice o the <u
star: asrozsthe
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The geocantric mode! explained absarvations viell enough for hundreds of years. It
also fitwell with the thinking of the time—that Earzh, being thz mostimpariant object,
lies at the cantar of the universe and that abjects otbit in perfect circles.

Howevar, as observers gathered more and more precise data, they ns2ded to modify g’ -
the model to moke it more censistent with abaervations. [t slowly becare opparent f‘ o
% = = . 3 ey
that models with Earth at tha cznter of the solar system and models with parfectiy B
circular paths, or orbits, could not accurately predict astronomical avents. 3y the 17th ¥ 4
century, the geocentric model with circular orbits had bezn replaced by a haliocentric
modal with slightly etongatad orbits. |
FIGURLC A: Thiz mzdzrn &
3
B e
3 from Earth and frem zpacs, izl
using oz szzhnoagy dlee
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FIGURE 5: Wercury, Venus, Mars, 7
Jupiter, 2nd Saturn caral be Solar System Components ¢
i seen withe ot e telascope and b
@ thus have been “rswn 1o us for Compare the modern model of the solar system with the geoczntric model. You
thousands of yezss. should notice tha differencs in ils organizing structurs, vith the sun at tha center, and :
the addition of more objects.
+Jupiter ) . ) . . L »
) Since the helivcentric modal was firstintroducedin the 1500s, it has bzen modified
5 even further, primarily with the halp of telescopes and space probes.
; With Earth-based t=fescopas, scizntists discovered the asteroid belt, Uranus, Nzptuna,
and Pluto. With spaca-based telescopes, space probes, and landers, they have been .
5
% ablz to discover morz objects and also better understand thz composition and motion X
3 of thes= objects. 5 .
i)
Explain Thageoteniric medel of the wlar system vas usad by most observars ta
dostnbe tha salar system uatil the 17th century when they began © acczpt the ?.',
: helieceniric madel. ‘Why o you think the geocentric madebwas populzr for so fang? &

Yihat o you think causad penpla to begin to favor the heliocensric madel?




Talascopes also enablad astronomars to make much more precise measuraments
of tha locations of stars at differant timas of year, which enabled them to calculatz
distances to stars. Once this vias possible, astronomars realized that stars are much
farther aviay than the planets and are nol part of the solas system at all.

Our undarstanding has also changad as a result of unusual astronomical events. For
example, beforza the latz 1700s, scientists genzrally did not consider comets to be part
of the solas systam. But in 1758, 8 comet that had appearad 75 yaars zarlier returned 25
predictzd by Edmund Halley, proving that at lzast some camats do orbit tha sun.

Explain {ompure the
L campot.ens af the
gaocenicicard The moden
heliacentric model. Wiy doesthe
medern medel include 5 much
mere deiail than medals devzloped
hundreds af years a49?

FIGURE G /e eaaise ol orvatio

e o
o] Terrzsudal planet i ! Cus glast planet
Mais Satm

Collaborate
] Comet Churyumvov-Garasisvnke g ¢ T Witha parines, compare
¢ thasctaristics of different typas
o ofgbjactsin the sofas system,
] veadplane T Astervio Vasta feszarch specific cxanples of
and Kuiper belt
ojact ka3

¢ each type of abjzer 1o suppert
L wour compariseas.

Models Change

FIGURE 7: Apparcstmotienal
fars asviavwead irom Earth

Amodarn, heliotzntic model of the solar system includes eight major pianets,
hundreds of moons, an asteroid belt, and objects in regions beyond the orbit of the
major planets, (tincludes solid badies (rock and solid icz), atmospheres, and different
farms of enargy. Objects interact through matzer, gravity, light, and magnatic fields.
Tha model is based on maay dilferznt typas cf absarvations, which are ongoing.

Tha heliocentric modal helps astranomters understand vehat they observe. it also helps
them make accurate predictions. Tha winding path of Mars, as seen {rom Zarth, makes
sense if you model both of these objacts’ orbits around the sun. Earth orbits faster and
cametimes pazseo: Mars, As Earth passes, Mars sezms to move backward.

Today, many peopls, including astronomers, still use a gaacentric modz| to describe
common evens such 3s sunris2 and sunszt. Tha madel is simple enough to be usafui,
though onty vithin limits.

Model Hovwwouid Tarth appesr to meve if you veere vizwing from Vars? Use peaplz or
chjects 1o madel how the pasizan of y miving ehi2ct changas riative Tu ¢istant abjacts
35 Yo S,
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Gather Evidence : Our currant madal of tha solar systam illustrates our understanding of its structure and
Assuring the selar systam composition as it exists today. By studying its characteristics and gathering evidznce,
isa dused sysiem {no material has scientists developed 3 model to explain how the solar system and Zarth formed.
entered or l&ft the systam since it
began to formi, what was the . o s
can:pos:tica of the material that Observations and Characteristics

the solar system came from?

How is matter distributed in the salar system? There are trillions of tons of material in
ha solar system, but it is not distributad evenly throughout. tore than 59.8% of the
mass of the solar system, or about 1.99 x 107 kg. is found in the sun. Most of the rest
is conczntrated in the planats. The sun is composed almaost entirzly of hydrogzn and
helium. All ather elements make up only abaut 2% of the composition of the sun.

g’t] Analyze Compare the
L= censities of the innzrand
outer planets. What can explain

these diffarences?

'
|
1

and sun confirms thefact

Mercury
Veras

Exle

MNeplune

Dunsily (gfem'y

The sun may have most of the mass in the solar system, but Mzrcury, tha smallest
planet has mare than thraa timss its average density. How is that possibie? Recall that
density is the ratio batween the mass and voluma of a substance. The sun is the largest
object in the sofar system, larger than Jupitar, the largest planet.

What alse do you notice about tha relative average densitizs of the innar and outer
planats? \Whal about their ralative sizas? The innar planets have raelatively high avarage
densities, while the cuter planats have vary low averaga densities. Howaever, although
they are less densa, the outer planzts are much mare massive. In fact, together, the
outer planets contain more than 995 of the total mass of the planes.

Explain Whatis the rzlaticnship bewween the sizz, mass, averaga ¢zngity,
composition, and locatior ef she plancis?

180 Unitd Earthinthe Solar System
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FIGURE 9: Tre density of a olanet reflecis
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Examine the chart belove. How da distance from tha sun and composition of the dlass
of object s22m to be related? The objects seem to be sortzd based on compaosition and
distance from the sun. The inner planets and the asteraid belt are rich in materials such
asiron and silicates. These matzrials can condense at temperaturas such as those that
exist near the sun. The outer planets and the objects of the Kuiper Belt and the Qort
cloud are rich in materials that condense mastly at law temperatures, such as thos

that axist farther avay from the sun. These materials, known as voiatiles, evaporate
quickly at typical Earth temperatures and prassures.

terestial pRnets
astercids

mocas

qas giants

dyeatf planets and
“Yshort-period comats

Morg-petiod wmes

*WU: astienomil units; 1 AU = the avarage giszance bavwean Earth and the sum
“* Refzrto the lengthof @ comet's orlit

@

S PRV ACTEY

g e e

inner solar system
ditercic bels

innerand outaesctu
system

outzs selar sysmem

uiper Boit

Sort¢laud

5-3¢
30-50

5690169900

‘:‘»,““""'l‘ o)
teck ane miztal
reck and mietal

tock and metal

538, e, ard metal

tuck and i

ek and ke

As comzts approach the sun, in elongatad orbits that can take bundrads of years, tnhay
provide 2videncz to explain the differencz in composition beiwesn groups of abjects
in the satar systern, Comets are made of dust particles rappad in a mixture of frozen
water, carbon dioxida, methane, and ammionia.

Explain towdoysu
A think the cympusitians of
the phinets reflect the distribution
of different types of material early
in the evalution of the selar system?

4| Explain Spramscopic
'.__I JieasLeemonts, or
measuements of wawa'zngths of
aafiaaed sunfight, reveeied that the
1ail of Comstiiale-Bappis made of

dus: and gases such aswater, arben
digxide, mathane, and ammenia,
What dues this suggest about the
cempasitian of a cometand the
«agnin which comets farmed?

FIGURE 10: L
tarnis atal
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Whzn a comet movas closa to the sun, within a rzgion <alled the frost Jine, located
bewvezn theasteroid balt and Jupiter, erergy (rom the sun heats up the comat's icy
surface causing it to form a tail, or coma. The coma points directiy avay from the sun
and lengthens 3s it drawes nearer. [t disappears once tha comet moves away frem the
sun and beyond thz fros linz.
Explain Kow dozs the
omposition of the chjects
in the salar system appear o be
related to distance from the sun?
Use evidznce and reasoning io
suppars your chim,

FIGURL 1 1: Tha tail of a comat forms whzn tha comat2nters a ragion of tha sclar system
whars the tempemturzis high anough o vaparizeic

25,

73 MGALL W conet s s
7O=== irocthve arad the comet bz o tal,

Teske 4 AL sirdrtvions
thi radeus indatal °

Finally, studying the shape of the solar system and the motion of objects within it can
help davelop a modal of its formation. Most of the objects in the solar system otbit the
sun on roughly the same plana, Thus, the solar system is essentially disk-shapad, with a
bulgein the centzr. All of the objects ravcive around the sun in the same dirzction that
the sun spins: countarclockuvise as viewed from above the sun’s nosth pole.

Beginning and Formation

Scientists infer that the solar system began as a cloud of dust, ice, and gzs, <alled a

nebula, roughly 4.6 billion years ago. With powarful telescopes, vie have observad

distant nebula in space, Accarding to tha nebular theory, the cloud collapsed to form
na h‘elvum 58S, st Th the sun, planats, and all of tha othar solar system objects thal axist today.
minerals}, and icas About 4.6 billion years ago, some force disturbzd the nebula, causing it to collapss
under its ov/n gravity. This could have bzen a rasult of gravity from a star passing by
or the shockwave from an exploding star. Whataver the cause, as the nebula collapsed
and bzcame smaller, its dznsity and temparature incrzased. Material began to
caalesce and accumulate in the center. As mor2 and mora material accumulated, the
gravilational pull towsard thz canter increased.

Zrwan S Aler v

Explain Whatis th2 £videnca and reasening suoporting the claim thatthz salar

nebula vas compaszd primarily of hycrogen and helivm, vith small2r amaunts of
ather elzments sechas iren, slicon, and oxygen?
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FIGURE 13: Cloud collapse and fiattaning

Collapse Tha nebuli collaprsed, N st
iporals taveard the canter.

7 Flattaning the doud Patanedinto 3
disk as it collapsel.

Bezause the nebula was rotating to begin with, it began to rotata even faster as

it coliapsed. This happans because as the distanca of a particle from the centar

dacreases, its velocity increases. As the nabula was getting smaller and densar, it also

bagan to llatten. Matzrial slowly accumulated not only in the centar but also in ane

plsne circling the center. i i

FIGURE 14: Protasun and planst fermatian

1 Accretion Hear she geotosun, Iren,
nlckel, and 5 Lo togather o
fares thenner planets, Jee accreted
n tha cos'es outer partef tha sols
system, whi's hydeog 20 and he
accuntulatzd around larges plas

.
| Fuslan As fusion Bagan, ety ves
i | heating up the sustounding
g e Ot e matenals

As matzrial accumulatad in the canter of the rotating disk, tha gravitatienal pull of the
canterincreased, causing evin mora material Lo accumulatz. As the central mass grews,
its den:ity, pressure, and temparature incr2ased. At some point, the pressure and
lemperaiure at tha canter of this mass bacame so grear that hydrogen atoms began ta
fus2, rzleasing enormous amounts of eneray. The cznter mass becams a star, 2milting
both light and streams of chargad particles known as the sotar wind.

Thz energy amitied by the sun caused thz surrounding disk to haat up evan more. The
high lemperatures nzar thz young sun kept volatile matzrials such as water, carbon
diox'de, ammonia, and mathanzin that region in gas form. At the same Llime, the solar
wind pushed these materials, along with (zitover hydrogen, helium, and other light
gasas, toward the outer part of the disc, lzaving behind only those materials that couid
remain solld at high temperatures.

|

|

| Se—

Gather Evidence
According ta the aztutar
theery, s the nedula allagsed,

it began to rotate. All eithe
matzfia’ Lagan o moveinone
diraction around the ceater. Whai
abservations abeut the solar systen
today suppari shis caim?

[§ S
ac
a4

{ -] GatherEvidence

d4 =
|

C ! Whatis the evidence that
wolatile materials waie pushed
away irom the center of the selar
system and aut Wwvard the outer
part of she disk?
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Mzanuwvhile, dust was accumulating in certain regions of the flattzning disk. As sama
material starled to coalasce into bigger and bigasar clumps, the gravitational pull of
those clumps incrzased, pulling in more material. Some dust formed rocks, which
cama logather to form larger rocks, which came together to form largz objects cailed
planetesimals, which eventually came togather ta form planats,

L . X . . In theinner part of the solar system,
FIGURE 15: Clearing Whi'z :ne se!zr wisd blaw thz ~zomzining 2as zna tiny dust .
; ¢ - o C L only dust was available to [orm the
particles aut of th newly formed plan2ts swept wp 127 0er ni2ces of lacse " dth o farii
. - o 21 y £l v
laaring theirorbits e¥materizls. pisneisane § ejstopjp- e
when thay ran out of iren and silicate
materials. But in thz outer, cooler part cf
the solar systam, the pianets continued
to grow as volatile malterials condensed
to form ice. Thz outer planets became
so massive that thair gravitational
oull »as strong enough to hold onto
nydrogen and helium gas as well.

As tha planets zceratad, the anzrgy of
tha collidirng ubjects was transformsd
inlo tharmal enesgy. The original solid
matarial that had accumulatad from the
nzbula malted. Denser materials such”
as iron sank toward the centar of tha
bodias, pushing lighter matarials such
as sificatzs upward.

By the time the surfaces of the innzr planets had cooted enough to form crusts, most of
the materialin the dis% had been incorporated into tha plancis—buz nat all, Erough was
left over that the surfaces continued to be pelted by racks for millions of years, leaving
impacz craters as evidance. Material batwean Jupiter and Mars navzr accumulated o
form asingle planat and instead remains as the asteroid belt, vhile material beyond
leptuna szems to be distributzd in a wide band cal!zd the Kuiper Belt,

Extrasolar System Observations

Did the solar systzm really form from a collapsing cloud of dust and gas? Are thete
other solar systerns out therz, and if 5o, did thay {orm in the sama vray? Tha nebular
theory was originally developad based only on observations of our solar systam. For
many years, it was impossiblz to confirm the model becausa wz had only cne example
of a solar system, and of course, w2 ar= not able to travel backin tima.

FIGURE 16: HL 7auri, ayoung
sun-| he starloczted 450 kgt
yzars iram Earth

Recant surface-basad obsarvations have ravealed that in fact thzre are uncountabla
solar systams in the universa. We now not only have images of some of these sysiems
and planets, but we also have images of young stars suirounded by disks of gas and
dust—protoplanetary disks. These observations of other systems confirm many of our
ideas, but they cause us to question others. Far example, in some sysiems, Jupiter-
sized planats made of very lov: density material osbit extremely closz 1o thair stars. Itis
possible that thesz planets formed farther fram their szars and thair orbits decayed.

?i —| Evaluate Yy are observations of objects outside our solar sysiemimparzaatfor
L evauating the nedular theory of salar system formation?

Tange sl
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EXPLORATION 3
- o

The salar system and Earth formed raughly 4.6 billion years ago through the coilapsa
of cloud of gas and dust. What avidence can v/e use to attempt a reconstruction of the
2arly history of Earth and its neighbor?
Explain Thasuriaze of
Mercury shows abundanz
avideasa for accration in the form
of inipact craters covering the
surface. If Earth formed at the same
tlime as Mercury and Wirough the
same process of accresion, why
does Earth have so faw crazrs?

From Physical Characteristics

Each of the terrestrial planets has a hard, rocky crust. All but Mercury are surroundzd by
thin atmospharas of gas, Only Earth has fiquid water on the surface. Mz2rcury and the
moon are covared inimpact cralers, but Earth and Yenus have very few. What can the
number and condition of craters on a planzt raveal about its geologic history?
Explain Eatshand the
aihar terrestrial plrats are
much smaller, d2nser, and less
massive than tha guias planeis, and
they ae+ carpasad of silicazz rok
and metal rather than gases snd
iczs. Wnat does this tell yeu abaut
Earzh's carly history?

8

SARUSG

Wa know through direct observations and through inferences that intemal and surface
procassas have changed Earth's surface signilicantly since it formad. This is alsa true for
Misrs and Venus and to a lesszr extant for the moon and Marcury. As a result, much of
the evidznce for Eanth’s 2asly history has been erased. Howevar, vie caninfer something
about its history by its structure.

Ear:h and the othzr planets are ditfersntiated: they have !ayers of increasirg density
Lloward the center. This tells us that the bodies were once meitan, allowing dense
material ta sink, pushing lightar mater'als to the surface. The energy that caused carly
Ear:h to me'tis thought to hava come in part from Lhe energy of tillions of tons of rock
colliding—transforming energy of molion inta thermal energy thatmelted he planet.

Lesson 1 5o’ Systery Torrstian
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FIGURE 19: Tr.z Barringar Crater

Mzteor Crater)in Arizona is

Explain Bdgily explin

‘what Earth's composition, its
size and mass relativa to ofier planzts,
zndilie prosance ofimpact cgiersonit
anduther ebjecs in the solar sysiem
indizalzabaut the formation f the
selar system and E25h's Fistory.

Use graphs to model how
systems change over time.
Thisgragh inFigues 20shews how

i perczatsge o the parent materiat
dangs asivdeays fyouknawha
ratio of parent ta dzughitzr 22omsin the
amp's, U e usz aanaph keilists
qure outhoew old the sampla =
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Impact craters are svidence that planets (ermed and grew through accreticn—the
coming togethar of smaller objects in space. Tnere are very few impact craters remaining
on Eanh’s surfece—mast have baan vieatherad and erodzd, Hovezver, the moon shows

a b=tter racord of impac:s, providing evidznce that accretion continued well after plarets
had (ermed. Many mezzorites appear ta be unchargsd since the sofar systzm formed.
Bzcayse the minerals that ma%e up these rocks formed whan the planets formed. they
have been used to es:imate the composition of the eariy solar system and the zge of Earth.

Design an Impact Crater Investigation

Until the 1950s, most scientists didn’t agree on tha origins of craters. Some scientists
designzd lab axpariments to madal impact crater formation, Others conductad fizld
studies. Ultimately, scientists were able to use what they learned to figure out how
craters on Zarth aad in the solar system formed. \We now know that Meteor Crater
formed 50000 y=ars ago when an astzroid 50 m acrass struck Earth at 65000 km/n.

Investigate Planand design aninvestigation to learn morz about impact craters.
What materials »would you usz to represznt Earth's surface and meteorites? What
indzpendant variables could you test? What depandent variables could you -
measura? What variablas would you need to cantrot during the investigation? What
questions would this investigation help answer?

Absolute Age

Evidance {ram the composition and structura of solar systzm abjects provide clues
about how it formed, but how do w2 know when it formed and how old the objects in
itare? The most impartant evidence comas from radioactive dacay.

UL T O £

FIGURE 20: 2 vp 2 decayte
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Some rocks and minerals contain trace amounts of elements that changs, or decay,
from one form to another, Thzse radioactive elements decay at a constant rate that
is not affected by tha environment or by the passags of tima. The graph in Figure 20
shoves how a radioactive sample decays at a constant rate from parant material to
daughter materlal. The time when exactly hall of tha starting parent material remains
in the sample is callad a half-life.

FIGURL 21:Oldest-knoven minerals fadicvelnc dating of drooncry
this one from the [ack Hills in Australia ravesls that thay may mave (o
4,375 oillion yas

Becausc of plate tectonics, there are wary fe'w racks on the surface that can provide
evidence for conditicns early in Earlhy's history. Hovsever, gealogists maks inferencas
from the samplas available. Earth's age can be estimated by measuring tha sbsolute
aga of ancient maleriats such as metaarites, rocks fram the moon, and minerals in
anciznt rocks on Earth that contain radioactive elamants.

The oldest rocks callectzd from the mocn are about 4.5 hillion years old and are
thought to be nearly as old as the moon izself. Fer example, the oldast minaral crystals
anatyzed so far, vihich appear to have formed when Earth was less than 200 million
yzars old, provide evidence that Earth had a continental crust and likely even surface
waters. However, because there are so faw samples of rocks and minerals this old, it is
difficult to con®irm tha result. There are still many gutstanding questions, such as whan
did the crust, oceans, and atmosphera farm? Whan did plate tactonics start? Whan was
Ear:n hospitable for life?

Earth’s Beginnings

Whnen zxactly did Zarth accrete most of its mass? When did large objects stop

crashing into Easth on a regular bas’s? Itis hard 1o say. Most of Earth’s mass probably
accumulated during the first fews tens of millions of years of its (ormalion. Scientists
think *hat about 45 billion years ago a smaller planet smashad into Eanth, farming the
moon. Rzcent mode!s suggest that betveen 4.5 and 3.8 billion years ago Earth may
hava been hit by numerous giant asteroids. These impacts »oould hava mixed. melted,
and buried racks on the surface and boiled off the 2asly oceans.

Explain k2 moun provides sanie of the most diress evidence supparting the leim
tha: Earth was bomdarded during its early histery. What is he form of this evidence,
a0d what is the rezsaning that coaneas this evidence to the dzim?

SRS SN,

Simulation of Nuclear Decay
Uzz pennies and paper o simulate
nuclear decay and ganerate data for
analysis.

Explain Whydo veu

think it is difficuli 2
deserming th2 ags of Earth with
radiametric ¢asing of minz:als that
farmed on Earth?

Collaborate
£ hat can be inferred
abrut Barth from the discovery
of a crystal that has a adiom 2tric
age of 2375 bitlion years? ikt
cannot beinfierred?

Lesson 1 5u'ar Sysemm Forret’an
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FIGURE 24::m

of the solars

Craters an the e
em history,

Take arother look at this picture of th: moon. On Earth, evidenca of this early, violent
pariodin the history of tha solar systam has bzen erased by the procasses that tear
dovsn and build up tha [and. The Manicouagan impact <rater in Canada. believzd to be
the oldest crater on Earth, is only about 214 million y=ars old.

Radiometric evidenca from lunar rock samplzs brought back to Earth suggasts that
most of the lunar cratzrs formed within a narrow pariod of time around 4 billion yezars
ago. Scienlists can draw canclusions about the early history of the moon based on this
evidence. They can also make inferences about conditions on Earth, othar pianets and
moans, and the solar system at the time thz cratars were formed,

The radiometric evidence from lunar rock samples confirms that the moon already had
asolid surface 4 billion years ago. It also suggzsts that there was a suddzn increase in
the number of impactors—astzroids, comets, and othar solar system dabris—at the
time. Evidence suggests that this increase lasted approximately 200-300 million y=ars.

Today, large asteroid and comet impacts on planets and moons ara very rarz. However,
avery yzarfor a few days during mid-July to mid-August, Earth passes through the
Perseid Cloud. Small d=bris, l=ft over by a came: that crosses Zarth's orbit every 133
yaars, strike Earth and burn up in its atmosphere.

Explain Vil:at can the existence of cratais an the ntaen and on other plzaets 221l us
abeut the extly history of solar system?

FIGURE 25: Manicouagan ¢tz in Quékzz, Canada
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Lesson 1 Salar Sysizm Formation

Check Your Understanding

1.

Although the geocentric model of the solar system was
incorrect, there were aspects of it that were relatively
accurate. Identify which components of the geocentric
model {prior to the 1700s} are accurate and which are
inaccurate.

a. The sun orbits Earth.

b. The moon orbits Earth.

¢. Planets are closer than stars.

d. Orbits and epicycles are perfectly circular.

- e. Saturn is farther away from Earth than Jupiter.

f. Stars are farther away than planets but not much
farther away:,

. Over the centuries, scientists have constructed models

and explanations of the solar system based on evidence
and reasoning. Compare the evidence and reasoning
used to support the geocentric model with the evidence
and reasoning used to support the modern model of the
solar system.

A model for how the solar system formed must explain

observations and reasoning. [dentily each statement as

an example of an observation or reasoning. If a statement

is falsc or invalid, identify it as such.

a. Most of the mass of the solar system is in the sun.

b. The sun is composed primarily of hydrogen and
helium.

¢. The sun formed more than 13.8 billion years ago when
the universe formed.

d. Most objects in the solar system orbit the sun in the
same direction.

e. [f mostof the mass of the solar system isin the sun
and the sun is mosuy hydrogen and helium, then the
solar system must primarily be hydrogen and helium,

Modern telescopes have allowed us to see far beyond
the solar system. YWe have been able to capture images
of nebulae, regions where stars are forming, stars of
different ages, and planets that orbit other stars. Write
two scientific questions about solar system formation
that observations of other nebulae, stars, and solar
systems can help us answer.

Complete items a-c ta demonstrate how a systems
approach can be used to describe the solar system andits
{ormation.

a. What are the primary components of matter in the

solar system?
b. What are the encrgy components of the solar system?

<. [dentify some processes that arc at work (or have been
atwork} in the system.

. Use the following words and phrases to complere the

paragraph below describing events in the formation of
the solar system.

increased plonetesimals

dust particles gravity

fusion accretion

flattened collapse

solid core srar

cloud of dustand gas massive bulge

The solas system began as a swirling . Some
disturbance caused the cloud to ____. As this happened,

the density, temperature, and pressure within the cloud
____.As material swirled toward the center, the cloud
ww_.intoadisk. A _____developed at the center of the
disk as mass accumulated there underthe force of .
At some point, _____began and the bulge became a
____Atthe same time, in the surrounding disk, ___
came togcether to form rocks. These rocks came together
toform ____which grew larger through ____to form
the inner planets and the _____ of the outer planets.







7. Zircon crystals, which form in igneous and metamorphic
rocks, contain trace amounts of uranium-238, a
radioactive element which decays to lead-206 over time.
Scientists measure the ratios of U-238 and Pb-206 to
estimate when the crystal formed. The half-life of U-238 is
about 4.5 billion years,

a. [fthe ratio of U-238 to Pb-206 atoms is 1:1, how old is
the zircon crystal?

b. A scientist measures the U-238:Pb-206 ratio of a single
sample from a rock from the continental crust. The
ratio is 1:3.What can the scientist conclude from this
sample alone?

8. Which of the following observations support or are

explained by the nebular theory (as autlined in this
lesson)?

a. Planets orbit in one direction around the sun.

b. Venus has a thick atmosphere of carbon dioxide.

€. Theinner plancts are denser, smaller, and less massive
than the outer planets.

d. Helium and hydrogen gas are evenly distributed in the
solar systeni.

e. [n other solar systems, there are giant, low-density
planets orbiting very close to their stars.

e}

< -] In yaur Evidence Notebook, design a study guide that

L1 supports the main ideas from this lesson:

1. The soler systam consists of a star orbitzd by smaller abjects
made of rock, ice, and gas.

2. Models of the selar system have changad over tima based on
improved observations, Improvements in techiolegy, and
changasin scienlific thinking.

3. The solar systemis thought ta have formed about 4.6 billion
years ago ftom a giant doud of gas, dust, and Ice thal collapsad
ta form the sun and planetary budies.

4, The nzbular theory explains abservations of the solar system

end is supported by observatians of other solar systems.

2

Remamber to indluda the fallowing I your study guide:

+ Support main [dees about the composition, structure, and
formation of the solar system with details and examples.

- Record explanzlions for the structure and composition of the
salar systen.

+ Describe hove the solar system has changed over time and
how it has remained tha same,
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Unit 4 Lesson 1

Quiz: Solar System Formation

Lesson Quiz

Read each question. Circle the letter of the correct answer.

1. Which of these separates the outer planets
from the inner planets?

A . the Kuiper Belt
B. the asteroid belt
C. the Great Red Spot
D.a large magnetic field
2. Aside from Mercury’s slow rotation, what is

a factor that contributes to the planet’s daily
temperature fluctuation of about 600 °C?

. A.its dense atmosphere
B. its core of rock and ice
C. its close proximity to the sun
D.its heavy, rocky, waterless terrain
3. When early Earth’s atmosphere formed,

which gases were lost because Earth’s
gravity was too weak?

A .oxygen and helium
B. helium and nitrogen
C. hydrogen and ozone

D. helium and hydrogen

Lesson Quiz
© Houghton Mifllin Harcourt Publishing Company

4.

Which of these are small bodies from which
planets originated during the early formation
of the solar system?

A . comets

B. asteroids

C. planetesimals

D. protoplanets

Why does the moon have more impact
craters on its surface than Earth does?

A . Earth’s gravity causes more objects to.
collide with the moon than with Earth.

B . Most of Earth’s impact craters have been
destroyed by plate tectonics and erosion.

C. Earth’s magnetic field deflects more
objects than the very weak magnetic field
of the moon does.

D. The rocks that compose the moon’s surface
are more easily deformed than Earth’s
surface rocks.

Where did the materials that formed Earth
come from?

A . the Oort cloud

B. the Crab nebula

C. the solar nebula

D. the remnants of a black hole

In what way is Earth like the other inner
planets?

A .1t has a relatively high density.

B. It has liquid water on its surface.

C. It has a mostly hydrogen and helium core.

D. It revolves around the sun in 24 hours or
less.

Earth and Space * Assessment Guide






Name: Date: Unit 4 Lesson 1
Lesson Quiz

Read each statement. Write your answer on the lines.

8. Why was Earth extremely hot when it first formed?

9. How does the distance from the sun affect the composition of planets and other bodies?

10. The moon has many impact craters. Why doesn’t Earth’s surface show the same violent history as the
moon'’s surface?

Lesson Quiz 2 Earth and Space * Assessment Guide
© Houghton Mifflin Harcourt Publishing Company






Gravity and Orbits

et
' 3

Marcury and Yanus are claser 10 the sun than Earth is, and samaticnas wa can sza them
mova in fron: of Lthe sun. This is 1 rase astronomical event called a treosit, In the abave
images, you are secing Mercury cross batwean the sun and Earth. Mareury appears asa
tiny black dot an the surface of the sun.

j Gather Evidence \s
' you explare the lassan,
gather evidence about how salar
system badias behave.

The movaments of planatary todies appear to go lram |zt to right, or right 2o lefz
deperding on how the planes s moving relative 1o Earth and where tha absarver is
standing on Earth.

{' 2t Analyze FowdoesMariuzy appese 1 ba meviag relative to E3rthT Why ¢ yed shink
the methinis <o ¢:fzreas from Eata’s mot.on?

192 Unita Carthia the Solar Systen
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Planats are always moving. Evan the name planet comes from the Greel vard (or
“veander.” Ancient astronomers noticed that planets appearad Lo drift across the night
sky, unlike the apparzntly fixed stars behind them. odern astronomers have more
sophisticated ways of obszring planetary mozion and hav2 been ablz to study the
particular paths that (atlow around the sun.

) the olaneis ard ia mation?
Whzt veould happen if 3 planes
wate sLidendy stopped?

Planetary Motion

Ona feature that is consistent far ali planets in our selar system is the curvad paths
that theytaka through space. Mo planet travels in a straight ling; rather, they all move
in closed loops around the sun. Though astronomers have long knavin this to be the N
casa, itls only ir tha last fesy hundred years that we have baen able o xplain why this

occurs,

Collaborate Yiitha
‘. pantner, consiaca
Iiypathatical planet that is at
moving relative to the cun. What
viould immediateiy fallaw the
v geonaris presaated in ligure 207

FIGURE2: T2

St a3l ppash

b S st oy ale

Predict The plevztis givena small push, a5 shownin Figuee b, Whal weu'd happze
1he planet e agaiely al:a the push?

If a planat wera to somehew stop moving relativa to the sun, wa would witness the
planct lall into tha sun in the same way that a dropped baseball vould fali tovrard
Earth. Suppose thal ‘e could giva the planet a smatl “push,” asin Figure 2k In that
zase, the planat would ‘ollow a trajectary similar to a thraw/n baseball on Earth beiore
ultimately crashing into th

2 5un.

Lesron 2 Gruvity ard Otbils

Pradict Why do yauthink
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V.o ) provided the “sush

7 =} Predict Yilatcautd have

objacts in thi: modeen salar system?

Collaborate Theplaaetis given a farga aush, asshiewn [n Fgare 3. With a parscy,
clscuss what wouldimmediately feilew in tha scenario.

If there were no sun, planets would tend to move in a straight linz at a steady valocity
until they interacted viith something clse. The reason plancts do nat mova in a straight
line is that the gravitational attraction beswean the sun and the planet tends to pull
the planat loward the sun. As this pull is happening, the planat still has a componaent
: of straight fine motion at its initial velocity, The interaction betvicen the planct’s
or straight line moticn and gravitational attraction producas a closed-loop path callzd an
i oibit. All solar system bodias are in an orbit around the sun or one anothat.

FIGURC4: Tneizrranas s thas

isrsystem

Pianets in our solar sysiem ware nevar “pushad” into their orbits; they all gainad
their ardital velocity In the early days of the solar system. Wnen tha proto-planatary
dusl cloud callapsed, its averall motion became part of the overall motion of the
carly planets

194 Unitd Certhinthe Sofar System
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Orbit Shape and Mechanics

FIGURCS: Themaczmsdlarsysiam

Tha arhit devetopad in tha oxampie of Figure 3 Is faitly simitar to the orbits of mast
modern-day planats. Each orbit is nol a parfect citclz but is acwally an oval, or an
ellipse. The sun is not quite at tha center of each orbit. A 17th ceatury German
astronomer and sciantist namad Johannes Keplar devaloped three laws to describe
tha nature of planetary motion. Kepler's lirst law stases that the orbiz of a planctis an
cllipse with the sun at a focus, ona of the two dzlining paints of the ellipse. For a circle,
toth foci ase at th2 canter of the cizcle, An ellipsa has symmaetry along wo lines, each
called an axis. There |5 a lorg axis and a sho:t azis. The foci of an cllipse fiz on the long
axis and ara equally spacad lrom the center,

Modeling Orbits Usea medal
to stedy the elliptical atbizs of
planets.

Lesson 2 Giawity ard Gibits
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&
=1 Gather Evidence v 5
i =! , . ) . FIGURE 7: Tha shaaes of magern-day plznetary o-bils
LT Descibe the ellipsesinthe FP B 3
image shown, Vihich orkits appaar }
ta ba naarly circulas? Which orbits £33
pgzarstrexched? : b
pE b

s

Aithough all orbits ara alliptical and have the sun positioned at one fecys of the ellipse,
not all orbits are alike. Ellipses range from almost circular to stretched ovals. The
degraz of clorgation of an elliptizal orbitis callzd 2ccentricity {ranging ram 0 to 1).

Acircle has an eecentricity of zaro. The morz stretched an orbit appears, the greater $2

4 < s yel Y

. ., its eccentricity and the closer its value approaches 1. i
Explain Lockattnz ¥ il =

ometinligura 8, Deswioe
the conmet’s ubitin reims of
eccentricity.

et

FIGURE 4:1ne orb:tofacomat
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As canbe seenin Figure 8, the eccantrizity of tha arbits of solar systam bodizs varies
considarably. In facl, 2ccentricity is ane of the factors that is considerad In defining
the differant typas cf solar systzm bodias. Pluto, a dwarf planet, has a kighly eccentric
orbit, #hile comers can have even more 2ccentic orbils,

iy

Explain W3l paitido tha planets of our solar systam taka arauad the sun? Why?

196  Unit4 Cah.oithe Sotar Systent
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EXPLORATION 2

SPlsginrian o hited Ten.

Measuremenis of interplanatary distances and molion can be made using a geomettic
method known 35 parallax, Parallax is the apparant snift of an objactvith respectto
the background. As Barth ravalves around the sun, astronomars measure an object’s
apparent shift against tha background ol more distant bodizs ffom two cifferent
locations on Earth or at twa differant tmes.

In 1672, ltalian asiranomer Giavannl Cassini vas able to use the paratlax method 0
compute tha approximale distance of Mars from Zarth. Cassini made obsar/ations of
Niaars lrom Paris, while a colleagua madz observations at the same time frem French
Guiana in notthern South America. In 1751, by obszring the planct Venus against the
backgtound of the sofar disk fram different locations on Zasth, astronomars vierz abla
lo determine the approximals distance of Zarth from the sun.

FIGURE9: T ralatizne =2 DO lereany £ Qs

1%

Changes in Velocity Within an Orbit

Kapter's second lawr of planetary motion describes orbital velacity. Kepler discovered

a unique relationship when he drevi atine from a olanet to the sun, which lies atone
focus of its elliptical urblt. He found thata planet moves more rapidly whan it is claser
10 the sun and less rapidly swhen itis farthzr from tha sun. This change in velacity
happens because as a planat movas around its cibit, it swezos out equal areasin equa!
times. Near the sun, whzn the planst is maving fastar, it swazps out an araa that is
shortbutwida. Far from the sur, a planct sweeps cut an ared that is long but narrowrin
an equal amaunt of time.

Nercury has an orbit that Is highly eccentric. Mercury's ozbit passes about 46 milion
ke from the sun atit clasest, bue at it farthast the crbit is 70 million km frem the sun,
When nearest the sun, Mercury roaches its maximum orbital velocity cf 58.98
and when farchast from the sun Maercury raaches its minlmum orbital valocity of
38.86 kn/s.

01 Analyze De ubjects dusns

L ot facher lrom Earth
fave 3 greatar char g in apparent
position as Earth nroyes?

Collaborate \Whatda

v6u think happans wothe
specd ot the differeat segivus?
all thatgznerally velycity is the
ratio of distanze wver the
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FIGURE 10: Keplar's saczns law

Moons of Jupiter Merform
caleulations 1a madel and explain
the orkits of Jugiter’s maens. :

Predict The meonisin

iatizal path arowne Earzh. Taz 2l pticaisnape
ta

"90-'5 astual okt iz ruch clogarto a ¢ rela.

2= ane:lipucal eebit aruand
[archi. Whan do you thirc the monn
‘wauld appear to may e acrass tha
sky the fastes1?

Relating Planetary Orbits and Time

Whan Kepler logkad at how long it loak for tho planets to orbil tha sunand at tha
sizes of their arbits, he found a furthar relationship. He discoved that the square
of the orbital pericd—the time it takes a planet to complete anc full orbit around
the sun—was proportional to the cube of tha planet's axeraga distanca from the
sun. This is €cpler's third law of planetary motian. When tha units are y2ars for the
crbital pariod and astronamical units J4Uj for the distance, tha law can be ‘wiitten:
{orbital periodin yzars)' = (averag= distanca fram tha sun in AU) a7 & = . This lave s
: truz for every planetin the salar system.

Orbital Velocity Consitar
doubling the averaga arbital radius
¢ Mereury. The planet viould

Usirg Kapler's sacond law together with his third lavrtells us that the more distant
planets in the solar system move at slower speeds in their orbits around the sun than
planets located closar to the sun, For example, Mepluag, the most distant planet in the
solar systam, has the lowest mear orbital velocity of any of the planets at 543 km's.
Waecury, locatad closast 1o the sun, has tha graatest mean orbital valocty of the
plancts at 47.87 kavs.

S{'_' Explain How are disiaaca from the sun and erbitsl velocy related?

198 Unitd Ceath o the Solar Sypstem
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Kepler's laws help sciertists describe fiow ptanzts inove around the sun, bus they Predict Witheut the sun,
do not 2xplain why plariets mava arcund the sun in varying otbits. To do that, we Dol planets weold mov2

will nzad to include the cantributions of 17th-century physicist and mathematician, thraugh spacein 3 sirdight line.
[saac Nevtan. What g you hick pushes them
(sam 2 his strighe paza?

Gravity

As you've already discovered, gravily is raspansible far the shapz of orbits. Gravity
Is the natural attraction batseen physical bodies due 1o thelr masses. Thair masses
produceaforcs, viich is a push ora pullin a particular diraczion. Hawevar, gravity
anly pulli—it doasn’t push. Tvso objects pull on each otherwith equal forcz.

An objectin spacs keeps mowing bacause thare is ne (riction to slovs it down. The force

"of gravity ltom a massive object, such as the sun, can pull an abject and changeits
pathinto a clased orblz. A cortinuous force is reeded to maintain the orbit, &s you will
see, the force depands on mass and distance, 5o it varies ovzs an elliptical orbit.

. Collaborate Infigure
13, mwbich pair of obje s
tuni would axpenence the

sational ferca? Why!

FIGURL 13:°
Ay ncthb s

ry!
T x‘l’éﬁf %

L ireoz =i on the Witis of greaiarmals,
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Unit a4 Czrihin the Solar Syatem

Sis Isaac Nauwvton studied the refalionship batvseen tha motion cf the planals and the
forca of gravity. In his investigation, ke found that more mas:ive objects 2xpariance a
greater gravitational pull.

The relationship betwaen mass and gravity is linaar, which means that any charge in
mass is reflected in the pull of gravity. For example, doubling the mass of one objactin
a system would double the pull of gravity on the objects in ke system.

FIGUREL 14: Liass

1
- The ob,2cts sre of egual mass 1N

e ok, 21 o0 the: 66t has a maisal 20

dq Expain Assuming tiist the plfm»u ir. botd figures 140 aad 12k are k2 sama distance
"L':J ap at, kow dees the sueagih of thz gravitationa! force begsrenn the plzrete in 14a differ
fremthatbatvaenshe planss in 14b?

5i- isaac Newwion alsa discovared a relationsip betvieen the distance separating
objects and the gravitationa! puli they experience. Objects far away lrom ona
another 2xpariance a simallzr gravitational force than they would if they vera closer
togethar, Tais relatianship is not linzar, howaver. The gravitasional pull experierced
by o abjects decreases proportionally ta the distanca bevwezn them squared. For
example, doubling the distance separating two objects would actually resultin them
experiencing cna-lourth the gravitational pull.

FIGURL15: G5t

rze alfectsie stional is

noenenced by nats badi

U abeas ars a distance of 10 aparnt.

Explain InFigers 35, how viould the steength of
planets in 15b diifer {rem thatbeawean the plan s

ravicalioral ferea betwean the
11301

2%
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Real Orbits

Orbits are alliptical. The distance is constantly changing, o the force is constantly
changing. The farce due Lo gravily also charges the spead of the object in an elliptical
orbit. The objzct speeds up and slows davin. tercury and Mars tath have enough
change in spaed and distance as they move In Wheir oibits that early astronomears
noticed tha changes.

naroroitacou td Eacth

TTeEIY

An arbit csn changa over time. The gravitational {orce {rem one planet can change
the ordit of anather planct. The [nternational Space Station uses engines e routinely
change lhe altitude of its orbit around Zarth This allows the station to aveid
potentially damaging debris and countaract tha drag aused by tha very thin kigh
atmosphece.

1011 of a body ifiis velocity

Collaborate 'What do you shisia wonld bappen tothe

voas increased! What would happen ifitvas deunazad?

Il 2 force causes an object to speed up while moving aiongits orbit, the distance—
the axis of the arbit—will increasa. if a lozce sloves the abject, the orbit will hacome
smailer, The International Space Station sometimes gats a ‘push” from othar vehides
taraise its spead and arbit, Orkital vehicles are often slawad doven st the end of

‘3 their lifesimes to cause their orbit ta degenarate into the atmosphere whare thay
& disinzegrata.

g

z

5

-

<,

Explain Descrilz the reiasonship detvw sen gravity and plagatary mulion. st aspects
wilthave the geanzass aftuorzs onshe arbigs &7 ubjects?

IS

e o
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EVALUATE

Mercuty has a very strang= orbit thal scientists have only recently been ablz Lo axgizin,

- It has a very high accentsicity compared Lo Eanth, and somelimes it looks a5 thaugh it's
moving backward. Because it is so close to the sun, it is heavily inlluenced by tha sun's
gravity. Somztimaes, Mercury is very close to the sun and only 15 million xm avay. At its
farthest point from the sun, it is 70 million km away.

Foralong time scizntists could not detarmina the orbit of Marcury. Soma scientists
thought thera was a smaller planat or an astareid belt near Marcury alfecting its a:bis,
but they could not locate any objects nearby. Mercury's orbit is constantly changing.
If 2 pin weze stuck in the centar of tha arbit, tha ellipse of Mercury's orbitwould rotata
around thz pin. This is callad precession. Scientists had a hard time explaining the
precession of Mercury's orbit until Einstzin developed his theory of general ralativity
in 1915. Tha theory dascrivas the relationship between gravily, space, and mass. Any
objact orbiting as close to the sun as Mercury will experience this oroit precession
affect because space is siightly warped by the sun's cnormous gravity at shase
distances. Some scientists think thas an impact irom an asteroid may have s2t Mercury

aSine

o intoits strange orbit.

g

fl Explain llow deas Mercury appear to ba moving refativa to Tarth? Why da you think
Rl its matenis so ditfersat from Earthy's?
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EVALUATE

RCHECRBNINTS : ¥

Check Your Understanding S. For Figura 19, which statement accurateiy dascribas the
diffezence batwean the gravitational forca exparienzed

« Which ebject ha adtest ac icity in i ?
v ject nas the gradtest accentricity in its orbi? by the tap and bottom objects?

a, Muto
b. Saturn FIGURL 19: The butten: ¢t 22tz 2 1ne sama miss im) are

. zenaratad hvth ~ediiance ) buviza i the ton
<. lJupitar N

d. Neptune

»

« \hat gave planets their initial valocity?
. gravity
b. sun
€. the formation cf tha salar system
d. Kepler's thitd laws

3. Using Newton's Lav: of Gravitation, if there are Lo
objazis exerting the force of gravity an each other and

tha mass ol on2 of the objacts is quadrupled. shen the a. The force betwaen the 1op objects is one third that of

force batween them is the bottem objects.

a. doublad. b. Tha force batvizen the top £bjects is three times that

b. quartered. oi the botiom objzcts,

<. tripled. ¢. The force betvraen the 1op objacts is one ninth that of

d. quadrupled. the botiom objects.

d. The force betwiaon the top objects is orie hall that of

4. taich the phrase trom Kepler's [aws Lo the quick the botiom objects.

descriptor:

6. Using Newton’s law of gravitation, if there ara two objects

A, Kepler's3rd law 1, Theellipiticat path of the planets
b. Kepler's Istlavr around tha sun includas the
< Kepler's 2nd iavs zanter of the sun at one facus.

exerting the force af gravity on each otherand the muss
of bath ¢l the objectsis halved, then the lorea bevvean
themls

2. The rato of squares of the periods
a, doublad.

of two planets is equal tozha ratio

of curbes of the averaga distance b. quartered.
fram the sun. ¢ tiplad.
3. This law dascsibes animaginary d. quadrupled.

line from the certzeof tha sun

o the canter of the planet that 7. How does the [SS halp managa spacejunk?
sweeps through equal areesin a. (Lalars its oven orbit to avoid knowin
equal tme intervals, spaca junk.

b. Itslows dawn the orbit of the
dacommissioned satellite.

c. ltspzads up the orbit of the
dacommissioned satellite.

d. It places a decommissioned sazellite
in a gravayard orbit.

209 Uniz A Certhodthe Solar Systee
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8. Constder the orbital period and aversge distancas from
the sun for the planats listed below;

a. ldacuy

04
b, Erih 1 !
€ Satuin 85 95
d. Nepura 165 30

Using the £ - constant ratio described in this unit. what
is the approximata constant for aach plana1?

o

What arz the focl of an allipse?

a. the farthest points fcom the center

b. points near the centzr {lying along the long axis)
<. the closast points to tha canter

d. points rear the centar lying along the shor axis)

10. A2which pointin ils orbit is a planct l.rav-:ling the fastast?
a. whenitis farthest from the sun
b. wheniitis traveling tovsards tha sun
¢ whenitis tzaveling avay from the sun
d. whenitis closest to the sun

11, Which of these statements accurately descsives howa
satellita stays in orbis?
a. ltis outslda af Earth's gravity.
b. 1t is cantinususiy faliing and missing tha Earth.
¢ Its thrustis stronger than Earth's gravitational pull.

d. Itis nroving so fast that gravity doasn't affzer it

RIARERV TR

afietosgy sy cfaging:

In your Luidence Noteboo#, design a study guide that
.71 supports the main idzas in this lessen,

Remember ta include i fallawing infi :masian in your

study quida:

+ Use examples that nsedel main ideas.

+ Recard explanations for the phenemazna ye s investipated.

+ sz evidance to sepport your explanations. Your tuppars can
indlude drawings, data, graphs, labamieey corusions, and
other avidence raeorded thriughott 2 lasson,
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Name:

Date:

Unit 4 Lesson 2

Quiz: Gravity and Orbits

Lesson Quiz

Read each question. Circle the letter of the correct answer.

1.

Which law describes the speed at which
objects travel at different points in their
orbits?

A .law of ellipses

B. law of periods

C. law of eccentricity

D.law of equal areas

What does Kepler’s first law call the paths
that planets follow as they orbit the sun?
A . circles

B. periods |

C. ellipses

D. epicycles

Kepler’s third law describes the relationship
between the average distance of a planet

from the sun and which property of the
planet’s motion?

A . inertia
B. orbital period
C. gravitational pull

D.average temperature

Lesson Quiz
© Houghton Mifflin Harcourt Publishing Company

4.

Kepler’s second law states that equal areas
are covered in equal amounts of time when
an object does what?

A orbits the sun

B. spins on its axis

C. completes an eclipse

D. travels one light-year

What effect does the elliptical orbit of the
moon around Earth have?

A . The orbit is not predictable.

B. The orbit affects the changes in Earth’s
seasons.

C. The distance between Earth and the moon
changes yearly.

D. The distance between Earth and the moon
varies over a month’s time.

According to Kepler's first law, the orbit of a
planet is an ellipse with what object at or
near the focus?

A _its star

B. its moon

C. its center

D. the galactic center

What is happening to the orbital velocity of
Earth as it gets closer to the sun?

A . Itis getting faster.

B. Itis getting slower.

C. It remains the same.

D. It varies depending on the current cycle of
the sun.

Earth and Space « Assessment Guide






Name: Date: Unit 4 Lesson 2
Lesson Quiz

Read each statement. Write your answer on the lines.

8. Describe the shape of the ellipse a planet forms if its orbital velocity remains the same during one
complete orbit of its star.

9. How would increasing the mass of an object affect its gravitational force?

10. Describe Newton's law of gravitation. Give an example of this law at work.

Lesson Quiz 2 Earth and Space « Assessment Guide
© Houghton Mifflin Harcourt Publishing Company



Earthand ﬂsésunlnteract
through energy.

Gather Evidence
Asyou taplure theeTesson,
i dence t belp esphain
hu the amuent of s¢'ar snergy
king Larth charqus ever ime
and huw theez changas can affect
Eanth's glokal dimgte.

Unit 4 Canhinths Sotar Sziem

etescatrescsnnatantaay

About 104 of Earth's suri2ce today is covaredin ice. Massive ice shaets cover most of
Antarctica and Grzenland, while sea ice covars the Arctic Ocean. Glaciers arz alsa found
in temperata and even tropical latitudes, but only at very high 2levations where the ait
is significantly coolar than itis atsea level. Hundreds of millions of years ago, howevar,
conditions may hava been very diiferent.

Evidence for glaciars atsea level n2ar the equatar suggasts that Earth was much calder
than it is today. Why vou'd Earth hava been significantly colder in tha past?

c‘ l Infer ‘Where do you fad lee sheets un Curth Lday? What are waditlons fihz In these
L2 places? Use eviceace wimahs an afezence about Earth's conditions 70 mallica y2:s aga,
when ics sieets ead g achers where fardacar the equater,

Hixd
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Think about the last time you went autside. How dozs the Interaction between Earth
and the sun aifect your lif22 Most of what we see outsida during tha daytime is visible
becausa2 of sunlight. Tha viarm air, wind, and rain that vz feel axist because of the
sun’s anergy.

In addition to light, tha sun also emits streams of charged paricizs called the solar
wind. Earth’s magnetic field—which originates in Earth's core—exerts a farce on those
particles, causing tham o dsilact toward the polas. Thare thay intaract with the gases
in Earth’s azmosphere, causing the greenish-purplish glow of the aurora. Tha aurora is
an example of the many interactions in the Earth-sun system,

~] Analyze Thintuboul
FIGURE 2: /A0 S AT o the Inteenztione! 3oace Statien in 2012, 5 H g] y

(he nle s bt vand end Bar magnetic fleld andatr

JOUr everyd sy expuriences.
Hlavs are they affz<ted by your
interactions with the sun or by
Eartl's Intezactivns with the un?

Earth-Sun System Components

Suppose you travel back in tima to Earth's pastand find yaurseli ana planet that

is coverad In ica—snowball Earth! How would you go abouz unzlarstanding this : Earth-SunMotion fsiga
frozen varsion of Earth? You laamzd that In sclenceit is useful to think of avents or L an wgetdment 1o meastee the
phenomana as accurring within a syswan. Larga-scale changes to Earth may involve t moemaeat of Bt

many of Its systems. A changa that affacts Eacch's teamperatura may also involve

Earth-sun system intaraciions.

Matter and enargy are componants of tha Earth-sun system. hiost of tha matiar and the
anergy in the systeni is concentraied in the sun. Composed mosily of hydcogen and
helium atems, the sun is 330000 times as massive as Earth and has a voluma at least
1300000 times as great as £arth’s. Though matter is conceniratzd In the sun, Zarth has
a greater avarag density. Earsh has an avarage dansity mora than five times as graat
asthe averagz density of the sun. it has a thin atmosphere mada up mestly of nitrogen
ard oxygen, a solid surface thatis largaly covered in watar, rack, ice, and living things,
and a danse metallic core mada of nickel and iron. Earth is arbited by the moon, a
small racky body vrithout a significant atmasphere.

Leston ) Earbardths Sur
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that s imparang o tha inteeactons
betveeen Lath and 2 sun. les
wat'd yourexperience on Larth ke
diffecentif hal force, enzegy, ur
molan changed ur ¢4 nol erist?
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Predict Chease  foree, 2
fe:m of encigy, ur a mution

Model Maks 2 drawing to
compate the lezathoa of the

mean relatze e the sun and Eartl
durlag the aew moon with she
lecatton ol the mean during the
{irst guarter. How duss this medal
help esplain the d:fference batwven
spting tidss and ne2p tidzs?
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The Earth-sun sysi2m includes not enly Earth and th2 sun and the materizls thay

arz made of, but also the solar enargy 2mittad fram the sun, the grawtational farces
ka2eping the objects close togather and moving inthair orblis, and the processes that
are aifected by sunlight and gravity.

Evary 365 days, Earth completes ane orbit around the sun. Earth's orbital motion is
important, Ezcause it 2nsures thai Earth stays at approximasaly the szme distance
from the sun throughout the yzar and reczivas a stazdy supply of anergy from it.
Altrough the total amount of energy thai Earth raczives does not changa significantly
throughous the yaar, the way that anzrgy is distributed on the surface doss vary,

Appraximataly onca every 24 hours, Earth completas ane ratation on its axis. This
retation results in ihe cycle of day and night. Earth's axis Is not perpendicular to its
path around the sun. Inst2ad, it is consiantly pointed toward Polaris—the Morth Star.
As Earth orbits the sun, the orizntation of its axis stays tha same relative 1o Polaris, but
it changes relative to the sun. [n January, for exampla, the North Mole Is pointed away
from the sun, whilein July it ts pointad toward the sun.

Earth-Sun-Moon System Interactions

[ntzractions batwezn Earth and the sun occur mainly through gravity and enzegy.
The gravitational effects of tha sun on Earth’s surface are vary difficcic 1o notice. Thesz
effacts are zasier to observe whan tha moon is includad as part of shis system.

FIGURE 3: he force of gravity andirertia keeps e weon wotbiz eroand Bazte and e
Zarth-ruoen system I ore i sround ta

Tides are an examplz of haw Earih, the sun, and the maon interact through gravisy.
Figura 4 shows the position of tha moon relative te Earth and the sun at four differant
timas in th2 moon’s orbit. The differznce batween high and lov/ tide is graatast at the
nav and full moon, and least during 1he first- and third-quaster maons. The changing
gravitational interactions batwean the moon, sun, and Sarch as the moon orbits Earth
cause the difierenca batwean thesa tidas, known as spring and neap sdas.
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FIGUREA:AIthouygn tree imecars gravity 1s the miem reason lor Hdzs on Bartt, vz sue FIGURE 5: Exfremie o anad
Qravity alsy s T
¥ affects of thegraytational pull
ortha sun aad tha moenare
edded to
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The gravitational forca between Earth and tha sun s, in part, rasponsible for Eanth’s : Explain How ducs
motionin space. At any given time, a planat is moving through spaca in two directions: gravity affect the motica of
straight forvard and straight taward the center of the sun. Vehere da thase tvio motions Theruery relatziz to the sen? How
comz fram? A planat’s forward motion is a result of its inertia, the lendzncy to keep s effect shflar to and different
nwoving as it has been moving sinca is formed. The motion toward the sun is a result
of the gravitational foece betvszan the sun and the planat The planat continuously
accelerates tovard the sun. [t dozsn’t fall Into tha sun bacause of its inzrtia,

A QMRS AR RO

A

#
g

framn e effect of gravity on the
motion el the L2athrnoen system
araund te sun!

Earth’s arbitis not parfactly circular. As a rasult, the distance between Earth and the
sun varies slightly throughout the y2ar. In January, Earth is about 5 million km closer o
tha sun than itis in July. 82cause the gravitational pull betvrean two objects incraases
with dacreasing distance, objacs orbit faster whan thay are closer. In January, Earth
moves through spaca slightly faster than it doasin July.

SN

&

Energy

Solar enargy travels through space in the farm of eleciromagnetic radiation. Of the
light emitted by the sun, 414 is visible light, another 9% is ultravicl2t light, and 50% is
infrarad radiation.
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FIGURE 7: Earth’s surface energy budget il 12tal arnount of enetgy rellectea and en
Ly EaAn s equaltot

s iolRlamaeunt ot neaca a3 Basit lons e sun.

100 Lai 6 units scattered
100 Lnis e )
incamlr; ey er 30 total units
16 Ll shrymed Srradia refl2oied and scattered
by weater, vagor, salerrediation
dust, ozong and
cartan digedi
20 unis refizctac
by c:auds
19 total Lnis
absarted by the
atmasphara
Aunitsreflact=d
3 ursts abicebad by water
Iy ciaues and land %
51 un:ts atserbag /;’ it
by water - g
and land

When solar enzrgy reachas Zarth, itinteracts with tha atmosphere and surface. Some
is reflacted aff clouds, land, warter, and ice. Earth is visibla from space bacausa of tha
sunfight that reflecs off it. Light that is not rafizcted is absorbed by rock and wiater
on tha surfaca and by gas=s in the atmosphere. Onez lightis absorbed, it causas the
matetial 10 h2at up. The ground is hotezr during tha day than at night, because it
absorbs sunlight. As a material heats up, it @mits energy in the form of invisiblz infrared
radiation. Earth's surfaca radiates infrarad energy out toward space, but seme is
absarbed by Earth's atmosghara,

Gverall, tha amounst of solar enargy thas reaches Earth from spacs is balanced by

tha amounz that is reflectad and radiated back ta space. Howevar, gases in the
atmosphere, known as gre2nhouse gases, absorb and give ¢!f infrared radiation, Asa
resul;, Earzh's atmosphara absorbs some of the outgoing radiation and keeps izin the
Earth system for a whil2, which raises Eatth’s surfaca temparature, This process is callad
tha grenhousz effect.

i o ALY T
(hatieonnection 77 (Gl
Calculate Thealbed uf asurface
s amzasure of how reflecty it s,
Tacaleulete she albzdo, divide the
smount ol solar energy selleced
by the surface by the total mimount
af wlar energy that reaches Lazth,
Whatis L241h's albeda?

Without ihz greenhousz zffect. much of Sarth's heat energy would be lost almost
immadiataly to outer space. Earth’s average surfacz 1emparature would be abou:
33:C coolar than itis now. Tha greenhousea affect has helped Earth thrive as a planet.
Recently, howevar, thara has been such a significantincr2ase in tha levals of carbon
dioxid2 in thz atmosphera that Earth's en2rgy budgat may bz out of balance. Many
sciantist wam of the possibilitizs of g'obal climara change.

B

Predict [hinkabuut bow lightuves thiough ¢:Ferens materials. Yinaz are sume f2ctursy
that cou’d dharge thz 2mant of sunlight absorbad Ly fash's surace and stosphe
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Energy is continuously moving ouzward from tha sun in all directlons. Thazmoaunt of
energy that teaches Earth daas not change signlficantly from hour to heur, day to day,
or even month to monih. In spita of this, hawever, we can feel differences from place
10 place and from s2ason to season.

Energy in Systems

Adiagram of Eanth's anergy budget is a model showing the ways that energy movas
10 and from Earth. What this modz| dozs not shaw is how solar enzargy floes within
Earth's systams, It does not shows all tha ways that the flow of solar energy influances
Earth's surfaca—how it affecis the atmosphera, the hydrosphere, lithesphars, or the
biosphare. Whan we swudy the impontanca of solar enargy to Earth systams, itis usaful
to examine vhat happens when the amount of solar energy in a locztion changss.

You learned that when solar energy raaches Earzh, It intaracts with matser on the
curface and in the atmosphera. \While the amaunt of energy amitted by tha sunis
nearly constant, its distribution aver Earth's surface changes. During the spring, the
amount of enargy reaching a particular part of Earth increasss. With mora direct
sunlight and more hours of daylight, the amount of energy absorbad by the ground
increasas. The ground heats up more and 2mits maca energy, warming the air above.
The warmer air, along with ths inceease in intensity of light and the switch from
snowiall to raln, causes the snow to malt. The meitwater seeps into the ground.
V/ith lass snas refleciing the sunlighs, more fight Is absorbzd by the ground. The
warmth and watar trigger the growth of spring flowsrs. Onca the plants are above
ground, thzir [2aves use tha sunlight and water during tha process of photosynthasis,
convarting suntightinto chzmical engrgy within thz plant. Animals such as dezr and
squirrels ezt thaflovrars, using the stored sunlight in tham ta liva and grow.
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‘.,{, __] Explain D3 youagree or
L2 disagree with the following

statemeat? Without the sun, thes
would be nu changes s the
wzathier on Larth, Yse t2xsuning to
suppurt your argunient,
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Jreven heat'ng of Eartiva warfaze jesulls in global
viinds. Pasing v sir and sinking caol air currenty

‘J Water chanues titases as it mavz: through the waler cyche, ed and blae grioves| tz2ion pastizons Lhat preduce
These changes are driven by «nergy from the sei.
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Collabarate Witha

partner, explain hiow each
patl of the water ¢ycle vould be
affecied il the amouat of solaz
eneryy reaching the suiface i
given place <hinged. Use reasoaing
tosupaen yuur eaplanitions.

Sunlight has a profourd effact on individual Earth's systems. [tis a nvajor factor in Eartn's
global cyclas and proczsses. Sunlight providss the znergy that causes waiar to change
form as it maves thraugh the water cycle. Solzr energy drives lacal and global wind
patearns, which devalop as tha sun heats up parts of Earth more, or more quickly, than
otiar parts of tha planel. Differences in weather from placa to place, and changes in
weather from day to day, are also a resulz of differances in theway sunlight intsracis
with Eanth’s diffarent surfaces ovar distanca and time. Becausa the sun is the main
saurce of 2nargy for living things on Earth, sunlight is also kay in tha cycling of carbon
and oxygzan banwsen tha atmosphere and living thinas. Plants, for exampla, uss more
oxygenin spring and summer when the length of day and sunlight intensity increases.

Distribution of Solar Energy on Earth’s Surface

Ifyou live in a region with distinct seasons, you are familizar with the cyclic pattemn of
temperature, precipitation, and dayhight changa that occurs during the year. Thase
changes are a result of Earth's shape, the tilt of its axis, and its orbit around the sun.

FIGURE 10: £ adul Ul
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Thetefore, the tatal amount of solar energy that tropical ragions receive is significantly ; Explain lnJsauary, the
graater than that of polar raglans. This differenca in enzrgy distribution affects climata dags are leager and the
anel drives the movzment of winds and ocaan currants. T wreather s warmarin South

Because Earth's nilt ralative to the sun charges s it orbits tha sun, the concantration of Amerlea thana Herth Arsrc,
sunlight in any given araa changes throughout the year. This results in szasons. During ¢pain this difference In tesins of
the Juna solstice, whan tha Norih Pole is tited toward tha sun, the sunlight is most interatsious brtween Larth arl
intanse at 23.5°N of tha equator. The Northarn Hamisphera expariencas the warmar tha sun,

temperatures and longer days of summer, while the Southern Hemisphere experiances

winter. During the D2camber solstic2, when tha Morth Pale istilted away from tha

sun, sunlight falls most dirzctly at 23.5°S of the equator. The Morthern Hemisphara

axperiencas lower temperatures and shorter days of winter, while the Southern

Hemisphere experiznces summar. During tha spring and fall equinoxes, in March and

September, respactively, Earth's axis is not tilted away or toward the sun, and sunlight

is mostint2nse a1 the equator. All areas of Earth raceive 12 hours of daylight, and there

is no diffar2nce in tha amount of energy racelved by either hemisphere.

FIGURE 11: Scasuns i the nzrthern dunisp iz
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The effzct o seasonal changes on temp2rature and daylight are mos: dramatic n2ar
tha pol2s 2nd least dramaiic near the equator. In March and September, both polas
2xparience 12 hours of daylight. Butin Decamber, the North Pala is painting avay i i
from the sun at such an angle that the region deas not exparienca any hours of Pasitlons of Sunrise and
daylight whatsoevar. At th2 sama time, the South Pele is pointing toward the sun at Sunset Collset2ad 2malyze
such an angle thatit experiznces a full 24 hours of daylight. This situation Is raversed datadessribing the pasiticas of
in June. At tha aquator, however, the difference in intansity of light and number of
dayfight hours changes much lass throughous the year than it does az tha polzs.
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surzise and suaset, 2nd then make
predictons for future months.

e

ST

Model Maicareatdd vt shows el the intensiv of surtght differs from placete
Z olaze because Larthis sabencal. Use the scateh 1o shawe whiy arads thatare tilted dizectly
tovedrd the sun receve moare sebar eaergy than thuse that 2r2 acl.
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r{""i Analyze Destribe the
=) relatvaship betwesn
sunspat activity and averace
chengein ais tempzraldre betricen
1860 and 1950, Waat exgvins thls
1¢hstonsh p?
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Studying tha currant conditions of the Earth-sun systzm helps us undzrstand Ezrih's
daily and seasonal changas in waathzr, difiarances in dimaia from place to placa, and
Earth's global climate condttions In ganzral. Howzavar, avidenczin the rack and fossil
record suggasts that Earth’s global climata has changad significantly in the past. Earth
has experienced much caoler and much warmar pariods. The current variations of
tha Earth-sun system cannat explain these changas, Could solar radiazion, Earth's tilt,
and its arbit hava changed ovar time, and if so, could these factors 2xplain changes in
Earth's climate?

Solar Variability

Since 1978, sciantists have used satzllites 1o measure the amount ¢f sunlight that
reaches the tap of the atmosphere. Measuring sunlight away from Earih's surfaca
allawss us to sa2 patterns that are relarad to the amount of energy givan oif by tha sun,
rathar than daily and saasonal patterns related to Earth’s rotation and orbit.

For canturies, sciantists have knawn that tha amaunt of enargy 2mitted by tha sun
changes aver ime. it fluctuates on a cyde of about 11 years. For examplz, in 1999 the
sun emittad about 0.1% mor2 energy than in 1996, but about she same asitdid in
1958. [t urns out that the amount of 2nz¢gy that the sun emits is related 1o suaspot
activity. Sunspots are darker spots within thz sun's bright surfacz. The number of
sunspots visiblz each month varizs between almost 0 to neaily 209. In genaral, tha
more senspots there ara, the more enargy is baing emittad by tha sun,

This rzlationship betwesn sunspots and salar energy is vary usaful. We have only a few

dzcades of actual measurements of solar enargy, but we have mara than 409 years of
scientific obszrvations of sunspots, beginning with Galilzo in 1610. We can therzfore
use historical records of sunspots to infar changasin solar enargy.
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Howi do changes duz to sunspot activity affect Earth's climate? By compating graphs ¢ §Z] Predict Suppuszthesun
of sunspat ¢ycles and average global temperatura change over time, it becomas . s vientthrovgh several
apparant that zven a small change in energy 2mitted by tha sun does affact Eanh's S grrades of very ‘v sunspol
climate. Perhaps the most dramatic example is known as the Maundar Minimum. U ackvity. How could this affect
Between 1445 and 1700, there vare very fzw sunspois. This correspondad to a  Eanthvs surfacad Supportyour
particularty cold pariad in Europe, part of a pariod known as the Litl2 lce Aga. gredicton with evidene and
In addition 10 the 13-yaar sunspot cyclz, tha sun appears 10 go through other longar +oreasang.

periad cycles as well. As the sun ages, it Is becoming hottar and brighter. However, this

change is very dlavs.

Changes in Earth’s Motion

The amount of anargy that reachas Easth depands not only on the amount of enargy
emittad by the sun, but also on changesin Earth's motlon in spaca.

FIGURE 13: zaith's croit < nuchie FIGURE 13z bartsy's Wz warieg
doviates frorvacircle, Zhieaes over penods of about 100QC6 years and 213600 yaars, tin L5 and 245
#Seasons in'the Northem Hermisphere

£11000yearsago - 7

A1y I OF less

Creular, Its 2cLentiity, & new

ALits closest point, Earth is 147.1 million km from the sun. At its farthast point, itis Analyze llvw miyht
152.1 million km from the sun. As a rasult, about 7% more solar anergy raachas Earh ¢henges In sccentricity
in January than in July. Over time, howevar, Earsh’s orbit bacomes mara alliptical and aflset thes ameunt of solar eozigy
less elliptical, or accantric As a rasult, the thfferance batween its closest and farthest reacing Easth?

approach to the sun changes, Whan Earth's orbit is more circular, Earth spends more

tima closer vo tha sun. \Yhen Zarth’s arbit is nvora 2ccentric, Earth spands more tima

farther from tha sun.

Changas in the ecceniricity of Earth's orbit can alfeci the diffzrences between szasons.
For example, if Eaith is closer ta the sun during the summar, summer vill be slightly
warmer. Eccentricity can also affacttha total amount of en2rgy received from the sun.
Vi'hen Earth's orbit is mere circular, it receivas slightly mora sclar enargy during the
year than whan itis mora alliptical. This rasults in slight fluctuations In temparature
ovar tens of thousands of yaars.
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show wehat Earth visuli
Izak like at & fferent pulnts In s
erBitif s 208 were politing to
different ster in space. Huw might
this change aifzct seasons on
Earth? Usz reasoring to suppurt
year dalm.

Analyze (esritzthe
refxtiunsh:p Lataeen sola:
energy reaching the Herthizm
lizmisphere ln jaly to average air
temperalure in Antarctia, Yhat
could exglain 2he relativnship?
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Earth is currantly tilted about 23.5" rzlativa 7o its orbital plane, Howevar, abaut 10090
yaars ago Earth's tilt was sbout 24.5¢, and 300D years ago its tilt vas about 22.2°% The
more Earih's axis is tilied, the graater the differences banvean seasons—wintars are
celdar and sumnsers ara warmer. Tha smallzr tha tilt, the less the weather changas
from season to season. Scientists think that axial tilt affzcts global climate—naot just
s2asonal changas. 'When the tilt is smaller, less winter snow melts during tha coalar
summars. This can rasultin the expansion of glaciars and ica sheets.

e

A
=3

Prasently, £arth’s axis points toward Polaris, the Morth Star. Over a paciod of zbout
26000 years, hovsaver, the axis its2If rotazzs. This maotion Is called precession, and it

is similar to the wobble of a spinning top. Bacausz of pracession, the diractien that
Earth's axis paints in space changes, which affects the timing of the seasons. Today, for
example, summar in the Southern Hemisphera occurs when Earth is closest to the sun.
Howaver, 11000 yzars ago, Earth's axis pointad in th2 opposite diraction, just as it does
today, and summar occurred in th2 Northern Hemisphera #hen Earth was closest 1o
thasun,
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Independently, the eifect on seasons or global climate of each of these changesin
Earth's motion in spaca—its eccenisicity, tilt. and precassion—is clear. But because
all of these changas accur attha same time, understanding the combined affect is
camplicated. Scientists use mathematical and computer models 1o undarsiand the
combined afiects of Earth's motian in space.
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1T| Explain Eaith has gone through many cycles of ice ages feduwad by perivds of
28 wanmer climate, How might tese tycias be ealatzd to pattasas of selar output ard
patterns of dangain Larth's snotlen zn ¢pace?

~"2€i}: 82573

Evidence of Past Climate

Evidence shaw's that over thausands of years, Earth has gonz through many glacial
panods. These periods ate separatad from 2ach oiher by interglacial periods—pariods
of warmar waather, malting of ice sheets, and rises in s2a lzvel. 8ut how can we
datarniine the Uming of glacial and interglaciz| periods?
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In the 2arly 20th century, Serbian scientist and angineer Milutin Kilankovitch
devaloped a model 1o show how a cambinatlon of changas in Earth’s motion would
affect solar radiation reaching tha Norihern Hemisphere a2nd, therafore, Eanth's
glaciation pattarns. Whan Milkankovitch davelopad his model, it vas difficult to put
pracise dates cn when each glacial and interglacial period occurred.

In the 19705, sciantists dzvelopad new mathads (or astimating global temperatures
using natural racordars of climate variability, such as tree rings, fosslls, and glacial

ica cores, Sciantists study tha texture and composition of layers In ice coras to infer
the uming and duratien of glacial and Intarglacial periods. Tha graph in Figurz 16
combinas data from Antarctic ice cores with calculations of solar radiation to

thow global changas in Earth’s temparature over ime. [n order to accurately time
intergladal and alacial periods, scientists study the ratio of different sypes of oxygenin
ica cores and in the shalls of marine fossils. Thay also measurz the thickness of annual
growth rings in old and fossilized traas to datarmina past climate canditions.

FIGURE 17 Pattern Evidence
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In order for an id2a to ba
accaptad as scienzific theory,
it must not onfy make

sensa theoretically and
mathzmatically, it must also b2
supportad by an abundanca
of evidence. Milankovitch's
Idaa that patterns of
changas in Earth’s motion
cause patterns of changa in
Eanh’s climaza is supparted
by many observations and
maasuramants from many
diffarent placas an Earth.
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::'TI Evaluate Which of the
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5 can b wsezt o infer Clavsl erratics are euidence tnatize millons uf}\:i.'}? Usz 1easuning

rates and dir Lerepztalurs, anhce coveed sharta.
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Peedict Haw could you use an understanging of Lasth's mgtion in spaze to pradial
changes fnglebal dimate uver the rext few hundrzd thowsand yais? tow could it be
pussitie to pradict futuse dimate voati complate acturaey?
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Ice sheets currantly cover most of Antarctica and Greenland. The Narth Pole jisalfis
an ocean, which is almost permanantly coverad in s2a ice. Glaciars ara also found in
temparatz and even tropical latitudes. Glacizrs like these, including the Funtwangler
Glacizr located almost on the eguator at the summit of ML Kilimanjaro, are found at
vary high slevations, where tha aic is significantly coolzr than itis at s2a lavel.

Itis not sucprising that tha gzologic record holds evidence for the existence of glaciars
ard ice sheets in thz past. Twenty thousand years ago, for axample, a vastice sheet
extended as far south as Hew Yori and Pennsylvania. Tha avidencs for thase ice sheets,
along with vast quantitias of ozher evidance, indicates that at the time Earih vras about
$°C coolerthan it is today. Evidence from szdimantary rocks and fossils also shows
that Earth has gone through ma;oar chzngas in climat2 ovar the past 627 million y2ars,

Vehat is surprising, however, is tha evidence that earlizr in Earth history—around 700
nuillion years ago—rhe entire Earth could have bean covared in ica. Gzoloaists rzfar
to this passible pariod as the Snawbalt Earth. What cauld cause Earth to becoma
covered inice? What caused othar major changes in climate shown in the 1otk and
fossil racord? Geologists think that changes in climata are a result of a combination
of factors, including changas in energy radiated by thz sun, changasin £arlh’s orbit
ard tilt, changes in the composition of tha atmosphere, 2pisodes of volcanism and
mountain building, and changes In the locations of continzats and ocrans.

Explain What corditiens affect kow warm Carth’s susfaca o Vingt could ha oz
benn diffzreat 700 milllea years ago that resulted o mare of Eartl's surfaes being
cwvered ales?
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Check Your Understanding 5. Organize tha following stat2ments into four causa-and-
effzct pairs.

y : + Earth'stiltincreasas,
1. Asystam can ba described by its components znd tha nihEtitincredses

processes that occur within is. * Sunspot acifvity incrzases.

= Tha timirg of the seasons changzs.
ldentify the componants of matiaz, 2nergy, and forcz in - More radiation is 2mittad by the sun.
the Earth-sun system, -

Earth's axis and orbit pracass {wabbla).

3. matter:______ « Earth recelves slightiy lass solar radiation.

b. energy:_ - Seasonal differences in weathar are greater.

c. forca:__ ._. - Earth's orbit bacomas more ecczntric (morz 2lliptical).
2. Give examples of proczssas that occur within the Earth- 6. For 2ach changa, idensify she timascale over which tha

sun system:

change occurs: hours, manths, years, thousands of years,

a. process that involvas enargyonly: ... - ar billions of years,
b. process that involvas interactian betveen forca and a. Earth ratates an its axis.
MARA . oo T b. The tilz of Earzh's axis changes.
€. process that involvas interzction betwaanenergy and ¢. Thasun gzis hatter as it evolves.
matter:

------------------- - d. Thz shape of Earth's orbit changes.

e. Thea orientation of Earth's axis changas as it orbits

3. Vr'hich of thz following statements accurataly descnibe —

interactions in tha Earth-sun system? Choose all that

apply.

a3, VWlthout gravity, Earth 'would not movz atall through
space.

b. Dlfierant regions of Earth racziva diffierant amounts of
solar enargy.

{. Th2 number of sunspots abszrvzd increzsas and
dacreasss.

~

Scientists think that bztween 1845 and 1715, the sun
waat through a periad of emitting lass solar energy. The

image below shows Earth's en2rgy budget today.
¢ As Eanth warms up, the amount of energy emitted

by the sun incrzases, d2creasing valcanic activity on FIGURE 20: Eastts supline v budget.
Earth's surfaca. v

d. If Earth wiara not tiltad, it would be heated svenly ovar h B ekt
the antir2 sudacz.

e. Energy zbsorbad by Earth's surface flows into Earth's oy

interior to keep it warm. e
naior

f. The total amount of enargy thas reaches Earth
depands on its distance from tha sun.

4, Astudzntvants to explain why palar climaias are coaler
than tropical climatzs. Describe a 3D modal that the
studant could maka ouz of simple materials in ordar
to axplain this. Explain what each part of th2 modal
repeesants and hov the student would use thea modal ta
<xplain differencas in climata,

Dz:cribe threa vsays that tha en2rgy budget diagam for
1645-1715 would ba different
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8. How and v/hy could a changa in solar output affact
Earth'swater cycle?

9. Vehich of the follawing are most likaly causes of glacial
periods ovar tha pait 2 million y2ars? Choose all that
appiy.

a. decreasein tilt of Earth’s axis

b. increasing sccentricity of Earth's orbit

€. decrzasing rat2 of fusion in the sun overtime

d. decraasing volcanic activity on Earth’s surface

e. increasing difference banwzzn high and lows tidas

{. decreasing force of gravity betviean Earth and tha sun

g. increasing fraquancy of comels entzring thz innzr
solzr system

10, Vehich of th2 following are Wilankoviich cycles? Choosz
all that apply.
a. zccanticity
b. sunspot cy\:lé
€. pracassion
d. axial it

11. Explain how changas in the lilt of Earth’s axis can affect
tha diffzrences between s2asons.

12. Atwhat time of year is the Nosth Polz in complzte
darknass?

a. during thz June solstice

b. during tha spring aquinox

¢. during tha fall equinoy;,

d. during the December solszice

13. VWhan itis summer is Sustralia, itis
a. fallIn tha Unitad States
b. winterin the United States
¢. spting in the United Statss
d. summerin the United States

14. Vi'hich of the {ollowing methods veould scizntists use to
datermine global changas in Earth's dimate over time?
a. by examining fce coras
b. by examining traz rings
¢. by examining sadimentary sirata
d. by examining glacial eccenrics

15. 'What aspect of Earth's orbit changes In¢ycles of 23000
years? OF 41000 years? of 300000 years?

16. 'ANratis tha variation in the pariodicity of long-12rm
changes in eccanuicity?
a, 25700 years
b. 100003 and 413000 years
¢ <1000 years
d. 23600 years

17. ‘Wharwould be consequenca for incoming solar adiatian
and the seasons if Earth had no tilt? 2 90° 4lt?

18. !In approximately 13 000 yzars, Ezrth’s axis vaill point
toward the star Vega, Twenty-six thousand years from
now, whare will Earth's zxis be pointing?

Inyour Cvléznce Natebou <. dusign a study gude that

sepparls the maia [dzes (n this lessun:

+ The sun and Barth 212 part of a systen of intetactng
comparznts of matter and enzrgy.

+ Amast all uf Carlle's surface energy ceigieate as sunlght.

+ Suniight alfects diffzrent paats of Larthin dilferent

eays deperding en latitade, ton2 ol year, and surface

cheazteristics,

Cravity iolds Carth Inorbit areund the sun, ensurng that a

steady supply of cucray r22chzs Carth.

+ Changas In the amoust of eneegy itted by thesun and the
ematat rzzthing Lanh in tatal ard at differens times of year
Qi affea Eartls glabal elimate.

Aemeruber to incluce the follovdng infan2tion m your

sludy guade:

+ Sypoort mainideas abeat Carth-sun intezactions with
specific erampiss.

Aecord esplanatons fes patlemns 1t ateracions delwasn
£arth and the sur.

Lediuate eviderce for the efleets of changus in the Earth sta
system over time,
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Muscular System

Chapter 7

Muscular System Notes Part 2: Contraction Physiology

Questions Notes

I. Physiology of Muscle Contraction ,,,,,,U,Nw{,,c
List the * Skeletal muscles must be o T
steps of SN - \
muscle (motor neuron) to contract L j/ U\ \O 3
stimulation | A. Transmission of Nerve Impulse to Muscle xS {"\LJQ i
by a nerve o Step 1: Nerve releases a h‘,, E
impulse. M\

( )
o Step 2: Neurotransmitter causes the

What ion is muscle cell membrane gates to open
responsible o Step 3: Ions (Na* & K*) exchange places causing the sarcoplasmic
for starting reticulum tfo
a muscle o Step 4: This release of Ca* as.

contraction?

When does
a muscle
contract?

Describe
the sliding
filament
theory of
muscle
contraction.

List the
steps of
sliding
filament
theory.

the actin filaments slide past the myosin filaments

B. The Sliding Filament Theory of Muscle Contraction

° - a muscle contracts when the
thin filament in the muscle fiber slides over the thick filament
* Activated by and (Ca®) ions

oStep 1: An influx of Ca* causes thick myosin filaments to form
with the thin ST s )

i i
actin filament by exposing the binding site IW»"‘% e
on actin. B TH—
oStep 2: The crossbridges change shape as it O PR i S L
pulls on which o '

slides towards the center of the sacromere
in the
o The distance between the Z line

decreases,
o Step 3: The crossbridges detach from the e
actin filament when bonds to myosin
head.
oStep 4: The gets ready to bond to actin again using
ATP energy.

o The cycle is repeated on another site of the actin filament.
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Chapter 7
Sliding Filament Theory:
Recognize
the steps of
sliding
filament
theory in a o
) TR Dt
diagram. R —
P P — o
ADT Taiex Ldammine
=}
A Mesein Rowh oeus shawng i toward the ).‘ (llle
;.._'rn"
Recognize Copyright © 2081 Beniomin Cummbngs. an Im;luml of Adidlson 'Wastay Longiman, T,
The M “ne, (c) A band (—————— Sarcomere ——— .
] 1 1 Z disk _ Z disk s
Z line, — — _:J
actin, and == S — _:-‘
el L 1 L 1
myosin M tine | band H zone tiyofibril
filaments.
a) I band H zona
C. Contraction of a Skeletal Muscle
What ! L. "
. *  Muscle fiber contraction is

determines N . ) .
the *  Within a skeletal muscle, not all fibers may be stimulated during the

same interval
strength of . T . . e e
o musele * Different combinations of muscle fiber contractions may give differing

contraction?

What do
muscles use
for energy?

responses
* Graded responses - different degrees of skeletal muscle shortening
. = constant confraction or tetanus

D. Muscle Response to Strong Stimuli
* Muscle depends upon the
stimulated
0 More fibers contracting results in greater muscle tension
* Muscles can contfinue to contract unless they run out of

o One molecule of ATP supplies enough energy for one actin and
myosin cross-bridge
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II. Energy for Muscle Contraction
o Bonds of are broken to
o Only 4-6 seconds worth of ATP is stored by muscles
What type | Three ways for muscle to make energy (ATP)
of activities | 1.
is creatine * Creatine phosphate is a high-energy compound and is the fastest way
phosphate to make ATP available for muscles
used for? * Used for activities lasting
. (no oxygen needed)
* Reaction:
o Creatine phosphate + ADP = creatine + ATP
Does * Creatine phosphate is made when a muscle
cellular is at rest \ﬂ:ose/
respiration | 2. ATP <] X
require * Mitochondria uses Pyruvic acid
|
oxygen? molecules in the ;'l%l\gg”ﬁ?f) i
presence of oxygen AN |
How much o Provides most of a muscle’s ATP (\CE%) \H:a ATP
ATP is . o
produced . (needs Oxygen) (CIgizz:it‘i:v:z;?g:l?gylation)
during * Used for activities lasting i e
cellular + Reaction: o v e
respiraﬁon? o Cc,leOe + 603 _) 6COz + 6Hzo + energy ::‘saubeo“asnr:noamds{romproleln
e 1 glUCOSQ = Oxygen use_He:]mred i
HOW Iong dO Products: :éGOAT:gerglucose .
ac‘riviﬂes 3. |Dural|0n of energy provision: Hours
last? * Reaction that breaks down glucose without '
using Glycogen
* Used for activities lasting
(Glucose\
What . (no oxygen needed) are < ;]——/ '
molecule is * Reaction: . . . . Pyruwc acid!
kroken *  Glucose > Pyruw.c ?ad + 2 ATP = lactic (".lCId I
down? o Lactic acid is also produced causing “Latic acid
pain in the muscle , ,
. * Heavy breathing after exercise is a sign of ‘“’{;T;‘E;?y";fsmaﬁﬁ'}:z?:‘
Does this acid formation)
require * A marathon runner is exhausted after crossing Energy source: glucose
oxygen?

the finish line because they have depleted not
only their oxygen but their glucose as well

It takes up to two days to replace all of the
glucose in the muscles and glycogen in the liver

[

' Oxygen use: None

. Products: 2 ATP per glucose,
: lactic acid

{ Duration of energy

| pravision: 30-60 sec

i . -




Quizizz

CLASS :
Muscular System
DATE :
20 Questions
1. How many types of muscles are there?
] a) 2 J b) 4
[Jc)3 L] d) 1
2. What are the characteristics of the cardiac muscle?
[] a) Involunatary [] b) Found in the heart
[] ¢) Banded Appearance [ d) Dense connective tissue packaging
3. Smooth Muscle is found in the?
[] a) Heart 1 b) Facial
(] ¢) Organs [1 d) Legs
4. The connective tissue sheath that surrounds a muscle
fasciculus is the
[] a) epimysium ] b) endomysium
[J c) perimysium
5. given the following events:1.acetycholine broken down
2.acetylcholine moves across the synaptic cleft 3.action
potential reaches the terminal branch (presynaptic terminal)
4.acetylcholine combines with a receptor molecule on a
skeletal muscle (postsynaptic membrane) 5.action potential
produced in skeletal muscle cell
Choose the arrangement that lists the events in the order the
occur at a neuromuscular injunction
[1 a) 2,3,4,1,5 [] b) 3,2,4,5,1

] ¢ 3,42,13 [] d) 452,13



. IWIUOULITO uial UNNMUDOT VIIT alivlLlict alc

(] a) synergist (1 b) hateful

[] c) prime movers (] d) antagonists

7. Muscles are composed of which of the following?

[] a) Lipids (] b) Protiens

(] c) Carbohydrates [] d) Fats

8. Which of the following is defined as the ability of an object to
quickly return to the original shape and size?

[] a) Elasticity ] b) Excitibility

[] c) Flexibility (] d) Extensibility

9. Which of the following is defined as the ability to change or be
changed according to circumstances?

[

a) Elasticity : L[] b) .Excitability
c) Flexibility [ 1 d) Extensibility

O

10.  Which of the following is NOT a type of muscle?
[J a) Rough [] b) Smooth
] ¢) Cardiac [] d) Skeletal

11. Skeletal muscles are responsible for which of the following?
[1 a) Movement of the body [] b) Movement of the heart

[ c) Movement of the ligaments [1 d) Movement of the extremities

12.  Which of the following describes the sarcomere?

(] a) The basic unit of muscle’s cross-striated [J b) . A protein band which defines the boundary
myofibril between one sarcomere
(] ¢) Various muscle proteins [] d) Contains the protein, actin

13.  Which of the following describes muscle bundles?
[] a) Long, multi-nucleated, thread-like cells [0 b) Set of muscle fibers grouped together

[] c) Considered to the cell of the muscle [] d) Organelles which are unique to muscle tissue

14.  Skeletal muscles are attached to which of the following?
[] a) Bones and ligaments [ b) Ligaments and tendons

[] c) Tendons and bones (] d) Bones and fat



15.

l

16.

1

17.

WIUDUITO AlT 1ITTUTU Ul wilat !
a) movement

c) pump blood

Smooth muscle is located where?
a) heart

c) toes

The nerve releases a chemical called a
a) neurotransmitter

c) myofibril

a) Voluntary and Controllable

¢) Involuntary and Voluntary

O

b) decoration

L]

d) no one knows

O

b) bones

O

d) internal organs

(1 b) neuron

] d) cell

What are the two classifications of muscles in your body?

[] b) Flabby and Strong
[] d) Hard and soft

How do pairs of skeletal muscles work together?

a) while one contracts, the other returns to

original length

c) both muscles relax at the same time

(] b) both muscles contract at the same time

J d) 1 muscle pulls on the bone and the other
pulls on the first muscle

Which 2 systems work together to help a person stand erect?

a) skeletal / muscular

c) skeletal / respiratory

[] b) skeletal / digetive

[ d) skeletal / cardiovascular



Review Worksheet: Skeletal Muscle Physiology

Identify the choice that best completes the statement or answers the question.

/ / /

[ [ [

_— | { I

UL

Figure 6.1

Using Figure 6.1, match the following:

1. The | band within a skeletal muscle fiber is indicated by .
a) Label A b) Label B c) Label C d) Label D

2. The A band within a skeletal muscle fiber is indicated by .
a) Label A b) Label B c) Label C d) Label D

3. The H zone, located within the A band, lacks thin filaments and is represented by .
a) Label A b) Label B c) Label C d) Label D

4. The myofilament composed of actin is indicated by .

a) Label A b) Label B c) Label C d) Label D

N\



Review Worksheet: Skeletal Muscle Physiology

Figure 6.2

Using Figure 6.2, match the following:
5. The epimysium is represented by .
a) Label A b) Label B c) Label C d) Label D
6. The perimysium wraps a fascicle of muscle cells and is represented by .
a) Label A b) Label B c) Label C d) Label D
7. The muscle fiber (cell) is indicated by .
a) Label A b) Label B c) Label C d) Label D
8. The endomysium that wraps individual muscle fibers is indicated by .
a) Label A b) Label B c) Label C d) Label D
9. Striated involuntary muscle tissue is classified as__ muscle.
a) skeletal b) cardiac c) smooth d) either smooth or skeletal
10. The epimysium covering on the outside of the muscle can blend into cordlike ____orsheetlike .
a) tendons; aponeuroses b) ligaments; tendons c) fascia; ligaments d) aponeuroses; ligaments
11.The ___isan organelle that wraps and surrounds the myofibril and stores calcium.
a) cross bridge b) sarcomere c) sarcolemma d) sarcoplasmic reticulum
12. Striated involuntary muscle tissue found in the heartis .

a) smooth muscle b) skeletal muscle c) dense regular d) cardiac muscle e) dense irregular



Review Worksheet: Skeletal Muscle Physiology

Match the following:

13

14.

15.

16.

17.

18.

19.

20.

a) smooth muscle tissue
b) skeletal muscle tissue
c) cardiac muscle tissue

. Voluntary muscle tissue

Muscle tissue found only in the heart

Muscle tissue that forms valves to regulate the passage of substances through internal body openings
Muscle tissue that is multinucleate

Muscle tissue composed of branching cells and intercalated discs

Muscle tissue that activates move food through the digestive tract

Performs rhythmi'c contractions controlledvby electric impulses '

Muscle tissue that maintains posture, body position, and stabilizes joints
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Muscular System Notes Part 3: Movement & Muscles

Questions Notes
1. Body Movements & Muscles
* Movement is attained due to a muscle
moving an attached bone .
* Muscles are attached to at least two / Cantiacing
points - ]
o - attachment to  ©"~ [ J
Describe a moveable bone :“
the two o - attachment to #
attachment an immovable bone Tendm~/l“'
points?
A. Types of Ordinary Body Movements
. - decreases angle of joint and brings two bones
closer together
. . - increases angle of joint
. - movement of a bone in longitudinal axis,
shaking head “no”
. = moving away from the midline
Describe . - moving toward the midline
the types . - cone-shaped movement, proximal end doesn’t
of body move, while distal end moves in a circle.
movements?
B. Types of Muscles
. - muscle that does most of the work
. - muscle that helps a prime mover in a
movement
. - muscle that opposes or reverses a prime
mover
o Antagonist muscle pairs work opposite one another
o Ex. (flexion of forearm) and
(extension of forearm)
C. Naming of Skeletal Muscles
. of muscle fibers
o Example: rectus (straight), orbicularis (circular)
. of the muscle
What are o Example: maximus (largest), minimus (smallest), longus (long),
the criteria brevis (short)
used to " of the muscle
naming a o EXxample: pectoralis (chest), external (outside), frontalis
muscle? (frontal)
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Chapter 7
(Naming continued)
o Example: triceps (three heads)
" of the muscles and insertion
o Example: sterno (on the sternum)
- of the muscle
o Example: deltoid (triangular)
" of the muscle
o Example: flexor and extensor (flexes or extends a bone)
What are II. Affects of Aging on Muscles
some of the ® Muscles that are not used are
effects of then by
aging on
muscles? * With age comes degeneration of mitochondria due to exposure to -
oxygen and free radicals
* Changes in the nervous system and endocrine system also effect
structure and function of muscles
¥ as we age but
can stimulate
ITI. Disorders relating to the Muscular System
= inherited, muscle enlarge
due to increased fat and connective fissue, but fibers degenerate and
What are atrophy
some " lacking a protein to maintain the
disorders of sarcolemma
the . progressive weakness due
muscular to a shortage of acetylcholine receptors
system? = Sprain verses Strain

o - overstretfching of a muscle near a joint

o - twisting of a joint leading to swelling
and injury to ligaments, tendons, blood vessels and nerves

Myalgia and Tendinitis

o - inflammation of muscle tissue (arthritis
on previous slide)

o - inflammation of the tendon due to
strain of repeated activity




Muscele~ 5757%;& ('xL 3 (Q(,I 1
1. What are the two points of muscle attachment?
2. The point of attachment on the moveable bone is called the?
3. The point of attachment on the immoveable bone is called the?

Match the terms with the correct definition

4. Flexion a. Muscle that helps a prime mover

5. Extension b. Muscle that opposes or reverses a prime mover

6 Rotation c. Decreases angle of joint and brings two bones closer together

7s Abduction d. Increases angle of joint

8 Adduction e. Cone-shaped movement, proximal end doesn’t move, distal does
9 Circumduction | f. Movement of a bone in a longitudinal axis

10. Prime Mover g. Moving toward midline

11. Synergist h. Moving away from midline

12. Antagonist i. Muscle that does most of the work

13.-23 What are 5 of the 7 ways that muscles are named? Give an Example of each.

1. a b.
2. a b.
3. a b
4. a. b
5 & b

24. What happens to muscles when they are not used?



25, - inherited, muscle enlarge due to increased fat and
connective tissue, but fibers degenerate and atrophy.

26. -lacking a protein to maintain sarcolemma
27. Which is worse a sprain or a strain? Explain.
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