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Disciplinary Core Ideas Activity 
number

Show understanding of these core ideas

The sun is changing and will burn out

c 1 Describe the life cycle of the sun, a main sequence star with a life span of 
approximately 10 billion years. Include reference to the changes occurring 
during its period of existence, including variations in radiation, sunspot cycles, 
and non-cyclic variations.

18

c 2 Describe the evidence for changes in a star's luminosity during its lifetime and 
explain differences between the lifetimes of stars of different masses. 

17  18  19

c 3 Describe how the study of stars' light spectra and brightness is used to identify 
their features, such as composition, movements, and distance from Earth. 
Include reference to O, B, A, F, G, K, and M standard stellar types.

17  

The Big Bang theory is supported by many lines of evidence

c 4 Describe the Big Bang theory and the astronomical evidence supporting it. 
Include reference to the red shift, the cosmic microwave background, and the 
measured composition of stars and non-stellar gases.

13-17

Elements are produced by nucelosynthesis

c 5 Explain how nucleosynthesis creates new atomic nuclei from pre-existing 
nucleons (protons and neutrons) and releases electromagnetic energy. 
Distinguish between Big bang nucleosynthesis, stellar nucleosynthesis, and 
supernova nucleosynthesis. 

22

c 6 Explain how nucleosynthesis and the different elements created varies as a 
function of the star's mass and the stage of its life cycle.

20  21  22

Crosscutting Concepts Activity 
number

Understand how these fundamental concepts link different topics  

c 1  SPQ  The significance of a phenomenon, such as nucleosynthesis, depends on 
the scale, proportion, and quantity at which it occurs.  

20  21  22  

c 2 EM  In nuclear process, such as occurs in main sequence stars, atoms are not 
conserved, but the total number of protons plus neutrons is conserved.

22

Science and Engineering Practices Activity 
number

Demonstrate competence in these science and engineering practices  

c 1 Develop a model based on evidence to illustrate the life span of the sun and the 
role of nuclear fusion in the sun's core.

18  

c 2 Construct an explanation of the Big Bang theory based on evidence from a 
variety of sources and uniformitarianism.

13-17

c 3 Use multiple formats (e.g. oral presentation, text, diagrams, mathematics) to 
communicate scientific ideas about the way stars produce elements.

20  21The Universe and
Its Stars

The Universe and 
Its Stars
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36

KNOW

Life Cycle of Stars
Key Idea: Stars form from gigantic clouds of gas (nebulae). The size and life cycle of the star depends 

on the mass of gas from which the star formed.

18

Stars form from nebulae, gas 
clouds that may be 100 light years 
across. Collapse of the cloud may 
be triggered by the shockwave of 
interstellar collisions.

Stars up to 8 solar 
masses may burn for 
10 -100 billion years. 

When small to medium stars 
eventually run out of hydrogen fuel 
they swell up and the surface cools, 
turning them into a red giant.

Stars greater than 8 solar 
masses burn very hot, up to 
50,000°C at their surface, and 
tend to be blue or white in color. 

The gas cloud consists of 
around 75% hydrogen and 
25% helium, with trace 
amounts of other elements.

When a large star runs out 
of hydrogen its core begins 
burning helium and then 
heavier elements.

Small to
 medium 

sized stars

Massive  stars

1. (a) What is the composition of a nebula? 

 (b) What causes the collapse of a nebula?   

2. What is the fate of a star less than 8 solar masses?  
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 A star forms from a cloud of dust and gas called nebula (pl nebulae) which may be many light years across. The 
nebula may begin to collapse due to a nearby shockwave and continue to shrink under gravity, releasing heat as it 
gets smaller. The heat eventually reaches temperatures hot enough to start nuclear reactions and ignite the star. 

 The path of a star's life cycle depends on its mass. A very large star burns its fuel very quickly and may eventually 
end its life in a supernova. Stars similar to the sun burn their fuel far more slowly and end as white dwarf stars. 

When the last of the nuclear 
fuel runs out the star "puffs 
off" its outer layer producing a 
planetary nebula. 

The core of the 
star is left behind. 

The core of the star forms a white dwarf. 
It is composed mostly of carbon and 
is extremely dense and hot. It will cool 
down over tens of billions of years.

The star expands to form 
a red supergiant with a 
diameter equal to the orbit of 
Jupiter around the sun.

When the star finally runs 
out of fuel it collapses 
under its own gravity.

The collapse triggers a 
supernova explosion. The 
core is crushed inwards 
while the outer layers are 
blasted outwards.

Stars with a core about 1.5 solar 
masses may form a neutron star, 
while those with greater than 3 solar 
masses may form a black hole.

3. What are the two possible fates of stars larger than 8 solar masses?  

4. What is a planetary nebula?  

5. What is the element that forms at the core of a red giant star?  

KNOW
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42

PRACTICES

Nucleosynthesis 

 Nucleosynthesis is the production of new atomic nuclei from pre-existing ones. Nucleosynthesis most commonly 
occurs in nature by nuclear fusion in the core of stars. Nuclear fusion requires enormous energy as the nuclei must 
be accelerated to extremely high speeds in order to overcome the repulsive forces that normally keep them apart. 

 Elements up to iron (26 protons) are formed in the core of stars. 
Elements heavier than iron are formed during supernovae, the 
explosion of giant stars.

Nucleosynthesis of helium

  A star spends most of its existence converting hydrogen into 
helium. This stellar nucleosynthesis occurs in the core of a star 
where extremely high temperatures and pressures are found. 

Nucleosynthesis
Key Idea: Most of the elements we know of today were produced either moments after the Big Bang 

or during the life or death of a star.

22

1. Define nucleosynthesis:  

2. Why does the formation of iron lead to the collapse of a star?  

3. Study the nucleosynthesis of helium diagram. How many protons go to form helium-4?  

4. How do elements heavier than iron form?  
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The nucleus of an iron atom is extraordinarily stable (right). More 
energy is required to fuse iron atoms with other atoms than is 
produced from their fusion. Thus when iron forms inside a star the 
process of nuclear synthesis stops and the star collapses.

Formation of heavy elements

 Fusion of iron atoms with other atoms to form heavy 
atoms requires energy. The energy comes from a 
supernova. Supernova nucleosynthesis occurs during 
the explosion of a massive star. Atoms, protons, and 
neutrons are smashed together and produce heavy atoms 
such as uranium, lead, and gold.

Energy

Energy

Energy

Proton

Proton

Neutron Helium-4 
nucleus

Two protons collide. One proton 
decays into a neutron, giving off 
energy and forming deuterium. 

A deuterium and a proton 
collide to form helium-3 
and giving off more energy.

Two helium-3 atoms collide to 
form a stable helium-4 atom. Two 
protons are ejected and more 
energy is released.

1

2

3

A star is a huge nuclear 
fusion reactor. The fusion 
reaction shown below is 
called the proton-proton 
chain reaction.
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69

The Earth
Key Idea: The Earth is 4.5 billion years old. During its long history, the Earth's geological activity has 

continually reshaped its surface.

38

1. What process moves the continents across the surface of the Earth?  

2. What are two consequences of the Earth having a molten interior?  

3. Where did the Earth's atmospheric oxygen come from?  

The Earth's crust consists of 
65% igneous rock (volcanic), 
8% sedimentary rock, and 
27% metamorphic rock.

Most of the Earth's 
volcanic activity occurs 
along plate boundaries.Continental drift has 

moved the continents to 
their current positions.

The Earth's crust is 
broken into 15 major 
tectonic plates.

The ice sheet over Antarctica 
formed about 33 million years ago.

The Himalayas began rising 
about 40 million years ago.

The deepest points on 
the Earth are found 
where one plate slides 
under another.

The Earth is geologically active. 
Convection currents in the molten interior 
drive continuing continental drift and form 
volcanoes and mountains.

Earth's molten interior surrounds an iron 
core producing a strong magnetic field. 
Research shows that the field's polarity 
has reversed many times.

Earth's atmosphere is 78% nitrogen, 20.9 
% oxygen. The oxygen was produced by 
photosynthetic cyanobacteria about 2.3 
billion years ago.

 The Earth formed around 4.5 billion years ago along with the rest of the solar system. The interior is still molten, 
reaching up to 4700°C in the core. This heat drives crustal movements that have produced the surface we see today.
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Key Idea:  The melting of the ice sheets can cause a positive feedback loop that exposes more heat 
absorbing surfaces and increases ice sheet melting.

Ice Sheeting Melting50

Changes in polar sea ice

 The surface temperature of the Earth is partly regulated 
by the amount of ice on its surface, which reflects a 
large amount of heat into space. However, the area 
and thickness of the polar sea-ice is rapidly decreasing. 
From 1980 to 2008 the Arctic summer sea-ice minimum 
almost halved, decreasing by more than 3 million km2. 
The 2012 summer saw the greatest reduction in sea-ice 
since the beginning of satellite recordings. 

 This melting of sea-ice can trigger a cycle where less 
heat is reflected into space during summer, warming 
seawater and reducing the area and thickness of ice 
forming in the winter. At the current rate of reduction, it is 
estimated that there may be no summer sea-ice left in the 
Arctic by 2050.

1. Calculate the difference in summer sea-ice area between 1980 and 2012:

2. How does low sea-ice albedo and volume affect the next year's sea-ice cover?

D
ata source: N

ational G
eographic

1900 1920 1940 1960 1980 2000

+0.5°C

 -6.8°C

+1.0°C

+1.5°C

-0.5°C

-1.0°C

-1.5°C -1.7°C

+2.0°C

Arctic air temperature* changes

*Figure shows deviation from the average annual surface air temperature 
over land. Average calculated on the years 1961-2000.

Arctic sea-ice summer 
minimum 1980:  
7.8 million km2

Arctic sea-ice summer 
minimum 2012: Record 
low, 3.41 million km2

The high albedo (reflectivity) of sea-ice helps to maintain its 
presence. Thin sea-ice has a lower albedo than thick sea-
ice. More heat is reflected when sea-ice is thick and covers a 
greater area. This helps to reduce the sea's temperature.

As sea-ice retreats, more non-reflective surface is exposed. 
Heat is absorbed instead of reflected, warming both the air 
and water and causing sea-ice to form later in the fall than 
usual. Thinner and less reflective ice forms perpetuating  
the cycle.

Retaining sea ice Losing sea ice

H
eat from

 the sun

H
eat from

 the sun

R
etained heat

R
etained heat

Reflected heatReflected heat

Heat retained Heat retained Heat retained Heat retained
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Modeling Ice Sheet Melting
Key Idea: Color and surface reflectivity affect the amount of heat absorbed by an object.

51

1.  Which flask has the greater albedo?  

2. Calculate the change in mass of the ice cubes for both the black and foil covered flasks:  

3. Write a conclusion for the investigation:  

Investigating heat absorbance

The investigation described below uses differently colored flasks to allow you to understand the importance of heat 
absorbance and reflectivity on ice sheet melting. 

Aim

To investigate the effect of albedo on ice sheet melting.

Method

 Paint a 500 mL Florence flask black and coat a 
second  500 mL Florence flask with aluminium foil. 

 Add 200 mL of water (20°C) to both flasks. 

 Weigh six ice cubes for each flask with the total weight 
for each six ice cubes being equal. 

 Seal the flasks with a rubber stopper with a 
thermometer inserted far enough to measure the water 
temperature. 

 Leave the flasks in a sunlit area and record the 
temperature every two minutes for ten minutes. 

 After ten minutes remove the ice cubes  and weigh 
them again.

Data collection

Record the data gathered in the table below:

Time (minutes) Temperature 
black flask (°C)

Temperature foil 
coated flask (°C)

0

2

4

6

8

10

Initial mass of 
ice (g)

Final mass of 
ice (g)

Graph the results

CCC
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Thermometer

500 mL 
Florence flask 
painted black

Aluminium foil

100 mL of 
water + 6 
ice cubes

ESS Sampler Feb 2016.indd   91 8/03/16   1:14 pm



KNOW 

© 2016 BIOZONE International
 ISBN: 978-1-927309-37-7
 Photocopying permitted for classroom trial

146

PRACTICESCCC

CE

Humans and Resources
Key Idea: Resources are substances that can be used for beneficial purposes. Water is the most 

fundamental, but there are many other resources important to human society.

87

What is a resource?

 A resource is any source or supply which can be used for some purpose. Resources can be divided into many 
different kinds, e.g. energy, land, and food. 

 Natural resources are those that are derived from the environment. Important natural resources include water, 
minerals, fossil fuels, and fertile soils. The availability of these resources has determined where population centers 
became established and flourished and has had a large impact on human technological and social development. 

Fossil fuels 
Human social and technological 
development in the last 200 years has 
been based on fossil fuels. Although 
peat and coal have been burned for 
hundreds of years it was not until 
the Industrial Revolution that 
fossil fuels become so important. 
Fossil fuels are so cheap, 
energetically concentrated, 
and easy to transport that 
they have yet to be equalled 
by any other kind of energy 
source.

Minerals 
Human technology is built on 
minerals. Minerals are solids 
made up of atoms arranged in 
a fixed composition, e.g. lime, 
magnetite, and quartz. Minerals 
are important both in their 
natural form (e.g. diamond coated 
saws) and as ores (e.g. magnetite 
as an ore for iron). Metals extracted 
from ores have been important in 
both human technological and social 
development as they are used as a basis 
for currency (e.g. gold) and in electrical and 
mechanical products (e.g. iron and copper).

Fertile soils

Soil fertility refers to 
the soil's ability to 

supply the nutrients 
for plant growth. A 

fertile soil is rich in 
nutrients and the soil 

microbes that make the 
nutrients accessible to plants. 

The availability of fertile soil 
was an important factor in the 

development of agricultural societies 
and the first towns and cities. 

Water 

Fresh water is the most important 
of all resources. It is essential to 

all life's processes and is also 
important in industry where 

it is used as a solvent and 
a coolant. Water covers 
nearly 75% of the Earth, 
but only a tiny fraction of 
this is fresh. Of that, an 
even smaller amount is 
available on the surface. 

Fertile soils

Water

Minerals

Fossil fuels

1. What is a resource?  

2. Why is water the most essential resource?  

3. (a) What two components are important contributors to soil fertility and why?  

 (b) How might soil fertility have contributed to the location of major population centers? 

4. Why are fossil fuels such an important and useful resource?  
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173

Living With Limited Resources
Key Idea:  Reprocessing reduces the energy required to produce resources, reduces costs, and 

effectively increases the stock of otherwise limited resources.

105

1. List three reasons why waste should be recycled:  

2. Why is putting waste in a landfill the least preferred option of a recycling scheme?  

3. (a) In what way is incinerating waste a useful part of a recycling scheme?  

 (b) Why is incineration one of the least preferred options in a recycling scheme?  

Reusing waste

 Much of the waste produced by industrialized countries contains valuable resources, which could be used again if 
properly processed. As resources become scarcer and competition for them grows, both individuals and companies 
are beginning to explore ways of using resources and reusing waste material as efficiently as possible.

 Although theoretically most materials can be reused of recycled, there are always some situations where it is 
impractical. In those cases waste may be burned to extract energy or taken directly to a landfill. 

 The schematic below shows an integrated resource recycling scheme that reduces waste as much as possible.

WEB

105

Materials are refined and 
used to produce consumer 
products.

Products

Product consumption by 
households and businesses

Paper MetalsPlastics Other

Waste materials are sorted 
for recycling or reuse 

Recyclable materials are processed and 
made ready for reuse by manufacturers. 

Materials that cannot be burnt safely 
and the waste from incinerators are 
put into landfills (rubbish dumps) and 
buried. Good landfills are designed 
to prevent any waste leaking into the 
environment.

Virgin materials are mined from 
deposits using heavy machinery. 
Mining creates a lot of waste 
material and uses enormous effort 
and energy. There are also large 
disturbances to the environment.

Waste that can not be recycled is 
burnt to extract energy that may 
be used to produce electricity.

CONNECT
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PRACTICES

What Are Natural Hazards?
Key Idea: Natural hazards are environmental events that could potentially cause damage or threaten 

human lives and property. 

108

 The Earth can be a hazardous place. The processes that shape the 
surface of the Earth can also produce surface disturbances on vast 
scales e.g tropical cyclones. Natural hazards are any natural event that 
may cause damage on a small or large scale. They can be grouped into 
biological (e.g. disease) and geophysical hazards. Geophysical hazards 
include geological events (ground occurring, e.g. earthquakes) or 
meteorological events (atmospheric, e.g. hurricanes).

 It is important to distinguish between a natural hazard e.g a volcanic 
eruption, and a natural disaster e.g. the wide scale loss of life and 
property caused by a volcanic eruption.

Volcanoes present numerous hazards 
ranging from a large eruption to land 
slides and lahars (mud flow). Erupting 
volcanoes cause damage to the 
immediate area and also large areas 
downwind due to the ash fall. Ash clouds 
from large eruptions can disrupt air travel.

Storms can produce large 
scale effects. Hazards include 
lightning strikes, wind and 
water damage, flooding, 
and landslides due to water 
-logged soil.

Rivers and lakes present 
possible flood hazards. People 
living on the flood plains of 
large rivers are often inundated  
when rivers burst their banks. 
Many rivers near towns have 
levees or stopbanks to contain 
the water prevent flooding.

1. For each of the following phenomenon identify the natural hazards associated with it: 
 
 (a) Storm:  

 (b) Volcano:  

 (c) High mountains:  

2. Identify ways which reduce the risk of damage from each of the following hazards: 

 (a) Drought:  

 (b) River:  

 (c) Seaside:  

CCC
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Earthquakes result from the sudden 
movement of the ground along fault 
lines. They present a hazard which 
has the potential to cause enormous 
damage. Billions of dollars a year is 
put into recovery from earthquakes or 
planning to minimize potential damage.

Tropical cyclones, typhoons, and 
hurricanes present hazards around the 
tropical regions of the world. Damage 
may occur due to 200 kmh-1 winds and 
flooding from rainfall and storm surges. 
Large cyclones can cause damage up 
to 40 km from the coast. Climate change 
may increase the frequency of cyclones.

Hazards in high mountains include 
rock falls, blizzards, and avalanches. 
Avalanches occur when the snowpack 
loses adhesion and slides down the 
mountain face. Although large amounts 
of effort are put into reducing the damage 
they cause, more than 100 people a year 
people are killed in avalanches. 

Many areas of land used for grazing or 
cropping are prone to drought. Drought 
causes enormous economic damage 
as it seriously reduces farm productivity. 
Efforts to reduce drought damage include 
building dams to store water and planting 
drought tolerant crops. Climate change 
may increase the occurrences of drought.

Landslides are common on 
mountains and steep terrain. Every 
year many thousands of homes are 
destroyed by landslides.

Tsunamis result from movements of 
the sea floor caused by earthquakes 
or subsea landslides. Waves may 
reach 10 m or more high when they 
reach the shore. Many high risk areas 
(such as Japan) have high sea walls 
to reduce tsunami damage.

3. (a) Identify one significant natural hazard in your local area:  

 (b) How does your local area prepare for or reduce the risks posed by this natural hazard? 

 (c) Why do you think people might have settled in the area despite the presence of this hazard? 
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PRACTICES

Ocean Acidification
Key Idea: The increasing amount of carbon dioxide in the atmosphere is affecting the pH of the ocean. 

Carbon dioxide reacts with water to reduce its pH.

134

1. (a) What does the term "ocean acidification" mean?  

 (b) Describe the trend in ocean pH since the 1850s:  

2. What do you think is causing this?  

Change of -0.09 pH units

Change in ocean pH

No data-0.02-0.04-0.06-0.08-0.1

pH is a logarithmic scale so even a small change in 
pH represents a large change in H+ concentration. 
Some areas of the ocean (e.g. areas of increased 
human activity or underwater volcanic eruptions) are 
more affected by pH change than others.
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 The pH of the oceans has fluctuated throughout geologic history but has 
always remained at around pH 8.1 - 8.2. Recent studies have measured 
current ocean pH at around 8.0.

 The oceans act as a carbon sink, absorbing much of the CO2 produced 
from burning fossil fuels. When CO2 reacts with water it forms carbonic acid 
(H2CO3), which decreases the pH of the oceans.  

 H2CO3 dissociates into HCO3
- and H+ ions. CO3

2- ions from the ocean 
waters react with the extra H+ ions to form more HCO3

- ions. This process 
lowers the CO3

2- ions available to shell-making organisms, leading to thinner 
and deformed shells.
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the list of weblinks.

Letter codes identify each of the 
crosscutting concepts as they 
apply, linking related concepts in 
different topic areas and different 
domains of science.

Activity coding system 
A task code indicates the type 
of activity, enabling activities to 
be assigned appropriately.

Activity number
Activities are numbered to 
make navigation through 
the workbook easier.

Key idea
Each activity has a key idea 
summarizing its primary 
focus. The key idea is 
designed to help facilitate the 
student's understanding of 
the message on the page.

Content organization
Logically organized content 
makes it easier for students to 
access and engage with the 
information. 

Write-on answers
Students write their answers 
directly onto the page. This 
becomes their record of work 
and helps them when it is time 
to review for tests and exams.

Critical thinking questions 
A direct questioning style helps 
students to easily identify what 
is being asked. A wide range of 
tasks, including free response, 
data analysis and presentation, 
and interpretation and 
evaluation of evidence, scaffold 
student learning to build 
confidence and competence.



Features and benefits:

 � Crosscutting concepts are used as organizing concepts for the ESS Disciplinary Core Ideas 
(DCIs) and create the workbook’s easily navigated structure.

 � Each chapter is prefaced by a one page synopsis of cross cutting concepts, core ideas, 
science and engineering practices, and key terms relevant to the chapter.

 � A wide range of engaging activities provide the vehicle for delivering program content. 

 � A key idea at the top of each page summarizes the primary focus for the activity.

 � Direct questioning style helps students to consolidate their understanding of underlying 
principles, processes, and vocabulary.

 � End of chapter synoptic activities provide a means of self-testing or assessment. They focus 
on the understanding of content and vocabulary.

 � Clear, uncomplicated diagrams, illustrations, and photographs support and reinforce the text.

 � Concept maps encourage connections between topics and promote an interdisciplinary 
learning environment.

Earth and Space Sciences for NGSS has been specifically written to meet 
the requirements of the Next Generation Science Standards (NGSS) 
for High School Earth and Space Sciences and encompasses all three 
dimensions of the standards (science and engineering practices, crosscutting 
concepts, and disciplinary core ideas).  A wide range of engaging activities 
address the program content, enabling students to build the skills and 
knowledge required to meet the program’s performance expectations. 
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