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Mini-Atlas of Heliophysics Literacy
What is the purpose of this document?
In recent years, it has become clear that there is a distinct need for a resource that outlines
Heliophysics concepts that are, and more importantly, are not included in documents such
as the AAAS Benchmarks or the science education standards: ideas of solar variability,
plasma and magnetic process on the Sun, solar flares, coronal mass ejections, and the
influence of these processes on Earth and other planets. The most relevant materials
available that include some of these concepts are the concept maps developed for the
GEMS Space Science Sequence for Grades 3-5 and Grades 6-8.
This document outlines three sets of concepts to form a “Mini-Atlas of Heliophysics
Literacy” in order to: 1) provide a way for Heliophysics E/PO professionals to understand
how their formal education (including higher education) and informal education products
tie to general overarching Heliophysics concepts, and 2) provide a way for educators or
curriculum designers to tie Heliophysics concepts together with related science concepts.
Iterations of the maps may also be included in the forthcoming SMD online education
product catalog. The AAAS Atlas of Science Literacy strand maps have been used as
templates for several of the Heliophysics concept maps. One main difference, however,
between the AAAS Atlas of Science Literacy strand maps and the Heliophysics MiniAtlas is that the strand maps only cover concepts for grades K-12. The Mini-Atlas of
Heliophysics Literacy includes K-12 concepts and those that extend to higher education.
One important note for the Higher Education concepts: These concepts are not meant to
be an exhaustive list to cover every possible topic related to heliophysics that an
astronomy or astrophysics major might encounter in the upper levels of coursework.
Rather, these concepts are those that would be more likely taught in Astro 101 or other
similar types of courses. The concepts listed in the Grades 9-12 levels can also be
combined with the Higher Education concepts, as students in higher education may not
have had exposure to the Grades 9-12 concepts in high school science classes.

Who is the primary audience for this document?
This document is designed to be used primarily by NASA SMD Heliophysics Education
and Public Outreach professionals, but others, such as formal and informal education
professionals, may find this document useful in their work.

How is this document laid out?
There are three sets of concepts in this document, each tied to one of the three “Big
Questions” of NASA’s Heliophysics program:
•
•
•

What causes the Sun to vary?
How do the Earth and heliosphere respond to the Sun?
What are the impacts of the Sun on life and society?
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Several of the concepts are taken from the AAAS Benchmarks for Science Literacy
(codes are included to identify the benchmark, where applicable, such as “4A/M2”), and
many are newly written and specific to this document. In some of the listed concepts, the
wording is a slightly revised version of the AAAS Benchmark or wording from another
resource. For these, the phrase “related to…” is used and the resource is also listed.
There are codes used after many of the concepts in the document below.
An example: 4E/P1
4E/P1 – The sun warms the air, land, and water.
The first number refers to the chapter in Benchmarks for Science Literacy. In 4E/P1,
Chapter 4 is “The Physical Setting.” The next capital letter refers to the section within
that chapter. In Chapter 4, Section E is “Energy Transformations.” After the slash, the
next letter refers to the grade level for that concept: P=Grades K-2, E=Grades 3-5,
M=Grades 6-8, H=Grades 9-12. The final letter in the code refers to the listed
benchmarks in the order that AAAS had provided them (1=first in the list, 2=second in
the list, etc.).
For those concepts written especially for this document that do not appear in the
Benchmarks, a coding system was devised to identify them as such. The beginning of the
code indicates the concept set in which the concept appears (1Helio = a concept in Set 1,
2Helio=a concept in Set 2, 3Helio=a concept in Set 3). After the beginning of the code, a
forward slash appears, as it does in the AAAS Benchmarks codes. After the slash, a
capital letter is used to identify the grade level of the concept, also as it does in the AAAS
Benchmark codes (P=Grades K-2, E=Grades 3-5, M=Grades 6-8, H=Grades 9-12,
HE=Higher Education). After the grade level code, a number is used to identify the
concept, in order as to how it appears in the Concept Set list.
An example of the devised codes, appearing in Set 1:
•

The Sun gives off light. (1Helio/P1)

1Helio/P1 is the first Grade K-2 concept in Set 1.
Following each Benchmark or heliophysics concept code is an indication of the map or
maps in which each concept appears.
An example of the map sets, appearing in Set 1:
•

We can only see the Sun in the daytime. The Sun appears to move slowly across
the sky during the day. (related to AAAS Benchmark 4A/P2) - Gravity, Stars,
Solar System

This concept appears in the “Gravity,” “Stars,” and “Solar System” AAAS strand maps.
These concepts have been reviewed by members of the Heliophysics E/PO, formal
education, and scientific communities.
3

What is heliophysics?
Heliophysics research and exploration focuses on studying the Sun, the heliosphere, and
planetary environments as elements of a single, interconnected system that contains
dynamic space weather and evolves in response to solar, planetary, and interstellar
conditions. Such an understanding represents not just a grand intellectual
accomplishment for our times. It also provides knowledge and predictive capabilities
essential to protecting our current technological infrastructure and supports the future
utilization and exploration of space.

What are the major concepts embedded in the topic of heliophysics?
Earth moves through the heliosphere, the exotic outer atmosphere of our star. The space
beyond Earth’s protective atmospheric cocoon is highly variable and far from benign.
The Sun, our solar system, and the region of the galaxy just outside present us with a
complex, interacting set of physical processes. It is the one part of the cosmos accessible
to in situ scientific investigation, our only hands-on astrophysical laboratory.
We do not live in isolation; we are intimately coupled with the Sun and the space
environment through Earth’s climate system, our technological systems, the habitability
of planets and solar system bodies we plan to explore, and ultimately the fate of Earth
itself. Variability in this environment affects the daily activities that constitute the
underpinning of modern society, including communication, navigation, and weather
monitoring and prediction. Because the space environment matters to humans and their
technological systems both on Earth and in space, it is essential as a space-faring Nation
that we develop an understanding of these space plasma processes. 1

1

From http://science.nasa.gov/heliophysics/focus-areas/
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Concept Set 1 – What causes the Sun to vary?
We live in the extended atmosphere of a magnetic variable star that drives our solar
system and sustains life on Earth. Our Sun varies in every way we can observe it. The
Sun gives off light over the full range of the electromagnetic spectrum, including, radio
waves, infrared, visible, ultraviolet, and at x-ray energies. It also gives off bulk plasma
(the solar wind) and energetic particles moving up to nearly the speed of light. Finally,
the Sun generates its strong magnetic field that permeates the entire solar system. All of
these effects can vary considerable on timescales from milliseconds to billions of years.
Most of these variations are related to the solar magnetic field, which is caused by the
moving plasma inside the rotating Sun, which make a dynamo.2
Grades K-2
• We can only see the Sun in the daytime. The Sun appears to move slowly across
the sky during the day. (related to AAAS Benchmark 4A/P2) – Gravity, Stars,
Solar System
• The Sun gives off light. (1Helio/P1) – Energy Transformations
Grades 3-5
• The Sun is a star, but seen up close. (related to AAAS Benchmark 4A/E5) –
Galaxies and the Universe, Stars
• The Sun produces energy. (1Helio/E1) – Energy Transformations
• The Sun changes. (1Helio/E2) – Patterns of Change
• The Sun has dark spots. (1Helio/E3) – Electricity and Magnetism, Stars
• Earth orbits the Sun once a year. (1Helio/E4, 3Helio/E1) – Solar System
Grades 6-8
• The Sun is the center of our Solar System and is the largest, most massive object
in our Solar System. (1Helio/M1) – Solar System
• Planets move around the Sun in approximately circular orbits. The Sun's gravity
keeps Earth and other planets in orbit around it. (related to AAAS Benchmark
4A/M3) – Solar System
• The Sun is an above-average star in terms of mass, temperature, and size. Most of
the stars in our galaxy are smaller, cooler, and less massive than our Sun.
(1Helio/M2) - Stars
• Energy in solar processes moves and changes form. (1Helio/M3) – Energy
Transformations
• The Sun has dark spots, called “sunspots.” Sunspots are slightly cooler regions
on the Sun’s surface. (related to AAAS Benchmark 10A/M2) – Electricity and
Magnetism, Stars
• Sunspots last from days to weeks. (1Helio/M4) – Patterns of Change
• Some things in nature have a repeating pattern, such as the day-night cycle, the
phases of the moon, and seasons. Sunspot activity goes through an 11-year cycle.
Sometimes there are more sunspots, and sometimes fewer or none. (11C/M6) –
Patterns of Change
2

From http://science.nasa.gov/heliophysics/big-questions/how-and-why-does-the-sun-vary-and-what-are-theconsequences/
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•
•
•

•
•

•

•

Light from the sun is made up of a mixture of many different colors of light, even
though to the eye the light looks white. (related to AAAS Benchmark 4F/M1a) –
Waves, The Effects of Solar Variability
The Sun has layers. (1Helio/M5) – Stars, Electricity and Magnetism
The Sun gives off energies in the full range of the electromagnetic spectrum. The
Sun emits different amounts of these energies depending on wavelength. Most of
the radiation that the Sun emits is in the form of visible light. (related to Space
Science Sequence for Grades 6-8 concept) (1Helio/M6) - Waves
Most substances can exist as a solid, liquid, gas, or plasma, depending on
temperature. (related to 4D/M8) – States of Matter
In solids, the atoms or molecules are closely locked in position and can only
vibrate. In liquids, they have higher energy, are more loosely connected, and can
slide past one another; some molecules may get enough energy to escape into a
gas. In gases, the atoms or molecules have still more energy and are free of one
another except during occasional collisions. (AAAS Benchmark 4D/M3cd) In
plasmas, sufficient energy is provided to free electrons from atoms or molecules.
(1Helio/M7) – States of Matter
A charged object can be charged in one of two ways, which we call either
positively charged or negatively charged. Two objects that are charged in the
same manner exert a force of repulsion on each other, while oppositely charged
objects exert a force of attraction on each other. (AAAS Benchmark 4G/M5) –
Electricity and Magnetism
Matter is made of tiny particles that can have positive charge, negative charge, or
no charge at all. The positive and negative charged particles react to electric and
magnetic fields. (1Helio/M8) – Electricity and Magnetism, The Effects of Solar
Variability

Grades 9-12
• We use instruments on spacecraft and ground-based instruments to study the
space environment. The electromagnetic spectrum, particles, and electromagnetic
fields can be observed using specialized instruments, such as telescopes and
particle detectors. (related to AAAS Benchmark 4A/H3) – Stars, Galaxies and
the Universe
• Energy appears in different forms and can be transformed and transported within
the Sun’s system. (1Helio/H1) – Energy Transformations, The Effects of Solar
Variability
• Strong, dynamic magnetic fields on the Sun cause sunspots, solar flares,
prominences, and coronal mass ejections (CMEs). (1Helio/H2) – Electricity and
Magnetism, The Effects of Solar Variability
• Electromagnetic processes on the Sun occur on a variety of time scales: flares in
minutes, CMEs in hours, one solar rotation in about 27 days, sunspot cycle of 11
years, and the solar magnetic activity cycle of approximately 22 years.
(1Helio/H3) – Patterns of Change
• Variable features of the Sun include sunspots, solar flares, prominences, and
coronal mass ejections (CMEs). (1Helio/H4) – Electricity and Magnetism
• The Sun is a main sequence star. (1Helio/H6) - Stars
• The Sun has six major regions: the core, radiative zone, convective zone,
photosphere, chromosphere, and corona. The Sun's layered regions are marked by
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•
•
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•

changes in density, from the highest density in the core to the lowest density in
the corona. (1Helio/H7) – Stars, Energy Transformations
Nuclear fusion releases great amounts of energy in the Sun’s core. (1Helio/H8) Stars
Energy released by the Sun from its core moves outward. (1Helio/H9) - Stars,
Energy Transformations
Energy moves outward through the radiative zone by way of electromagnetic
radiation colliding with matter. (1Helio/H10) - Stars, Energy Transformations
Energy moves outward through the convection zone through “convection”: the
rising of hot matter that cools and falls, heats up and rises again. (1Helio/H11) Stars, Energy Transformations
The photosphere is a glowing shell of matter at the outer layer of the convection
zone. It emits energy primarily as visible light. (1Helio/H12) - Stars, Energy
Transformations
The chromosphere is a glowing shell of matter between the photosphere and
corona. It emits energy primarily as ultraviolet light and is hotter than the
photosphere. (1Helio/H13) - Stars, Energy Transformations
The corona is the outer atmosphere of the Sun. It emits energy primarily as
ultraviolet light and is hotter than the chromosphere. (1Helio/H14) - Stars,
Energy Transformations
The Sun’s atmosphere blows out into the Solar System as a stream of charged
particles called the “solar wind.” (1Helio/H15) - Stars, Energy Transformations
A gas becomes a plasma when the addition of heat or other energy causes a
significant number of atoms to release some or all of their electrons. A gas is
considered to be a plasma when enough atoms are ionized to significantly affect
the electrical characteristics of the gas. (1Helio/H16) – States of Matter
Plasma is the most common state of matter in the universe. All stars, including
our Sun, are made of plasma. (1Helio/H17) – States of Matter
Atoms are made of a positively charged nucleus surrounded by negatively
charged electrons. The nucleus is a tiny fraction of the volume of an atom but
makes up almost all of its mass. The nucleus is composed of protons and neutrons
which have roughly the same mass but differ in that protons are positively
charged while neutrons have no electric charge. (AAAS Benchmark 4D/H1) –
Electricity and Magnetism
At the atomic level, electric forces between electrons and protons in atoms hold
molecules together and thus are involved in all chemical reactions. (AAAS
Benchmark 4G/H2b) – Electricity and Magnetism
Electric forces acting within and between atoms are vastly stronger than the
gravitational forces acting between the atoms. At larger scales, gravitational
forces accumulate to produce a large and noticeable effect, whereas electric forces
tend to cancel each other out. (AAAS Benchmark 4G/H2a) – Electricity and
Magnetism
The nuclear forces that hold the protons and neutrons in the nucleus of an atom
together are much stronger than the electric forces between the protons and
electrons of the atom. That is why much greater amounts of energy are released
from nuclear reactions than from chemical reactions. (AAAS Benchmark 4G/H6)
– Electricity and Magnetism
When electrically charged objects undergo a change in motion, they produce
electromagnetic waves around them. (AAAS Benchmark 4F/H3a) – Electricity
and Magnetism
7

•
•

In empty space, all electromagnetic waves move at the same speed - the speed of
light. (AAAS Benchmark 4F/H3c) – Galaxies and the Universe
Magnetic forces are very closely related to electric forces and are thought of as
different aspects of a single electromagnetic force. Moving electrically charged
objects produces magnetic forces and moving magnets produces electric forces.
(AAAS Benchmark 4G/H5ab) – Electricity and Magnetism

Higher Education
Concepts from the Grades 9-12 set above can also be combined with the Higher
Education concepts below, especially for Astro 101-type classes.
• Plasma processes accelerate and transport particles throughout the Sun.
(1Helio/HE1) – Energy Transformations, States of Matter
• Magnetic reconnection is revealed in solar flares and coronal mass ejections.
(1Helio/HE2) – Electricity and Magnetism
• The Sun’s magnetic field arises from electric currents in its convective zone.
These electric currents are generated by bulk motions (i.e., differential rotation
and convective flows) of plasma in the convective zone. (1Helio/HE3) –
Electricity and Magnetism, States of Matter, Energy Transformations

8

Concept Set 2 – How do the Earth & the heliosphere respond
to the Sun?
Our planet is immersed in a seemingly invisible yet exotic and inherently dangerous
environment. The Earth’s magnetic field and atmosphere provide some protection from the
environment. Outside this protective cocoon is the solar wind, a plasma composed of positive
and negative charged particles, electrified and magnetized matter entwined with penetrating
radiation and energetic particles. The Earth’s magnetic field interacts with the Sun’s outer
atmosphere to create this extraordinary environment.
Our Sun’s immense energy output forms a vast, complex magnetic field structure. Hugely
inflated by the solar wind, this colossal bubble of magnetism known as the heliosphere stretches
far beyond the orbit of the planets, from where it controls the entry of cosmic rays into the solar
system. This extended atmosphere of the Sun affects all planetary bodies in the solar system. It is
itself influenced by slowly changing interstellar conditions that in turn can affect Earth’s
habitability. In fact, the Sun’s extended atmosphere drives some of the greatest changes in the
near-Earth space environment affecting our magnetosphere, atmosphere, ionosphere, and
potentially our climate. 3
Grades K-2
• The Sun gives off light. (2Helio/P1) - The Effects of Solar Variability, Energy
Transformations
Grades 3-5
• The Sun produces energy. (2Helio/E1) - The Effects of Solar Variability, Energy
Transformations
Grades 6-8
• Light from the sun is made up of a mixture of many different colors of light, even
though to the eye the light looks white. (related to AAAS Benchmark 4F/M1a) –
The Effects of Solar Variability, Waves
• There are a great variety of electromagnetic waves: radio waves, microwaves,
infrared waves, visible light, ultraviolet rays, X-rays, and gamma rays. These
wavelengths vary from radio waves, the longest, to gamma rays, the shortest.
(AAAS Benchmark 4F/M8) – The Effects of Solar Variability, Galaxies, Energy
Transformations, Waves
• The Sun gives off energies in the full range of the electromagnetic spectrum. The
Sun emits different amounts of these energies depending on wavelength. Most of
the radiation that the Sun emits is in the form of visible light. (related to Space
Science Sequence for Grades 6-8 concept) (2Helio/M1) – The Effects of Solar
Variability, Galaxies, Energy Transformations, Waves
• Only a tiny fraction of the Sun's energy comes to Earth. (Space Science Sequence
for Grades 6-8 concept) (2Helio/M2) – The Effects of Solar Variability

3
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•

The Earth's magnetic field and atmosphere shield us from many harmful effects of
the space environment. (related to Space Science Sequence for Grades 6-8)
(2Helio/M3) – The Effects of Solar Variability
The Sun emits a stream of charged particles called the solar wind. (Space Science
Sequence for Grades 6-8 concept) (2Helio/M4) – The Effects of Solar
Variability, Electricity and Magnetism
The Sun has a magnetic field. (2Helio/M5) - The Effects of Solar Variability
Energy in solar processes moves and changes form. (1Helio/M3, 2Helio/M6) –
The Effects of Solar Variability, Energy Transformations
Auroras are caused by effects from the space environment. (2Helio/M7) – The
Effects of Solar Variability
Matter is made of tiny particles that can have positive charge, negative charge, or
no charge at all. The positive and negative charged particles react to electric and
magnetic fields. (2Helio/M8) – The Effects of Solar Variability, Electricity and
Magnetism
The Sun periodically sends out bursts of charged particles and electromagnetic
energy. (2Helio/M9) – The Effects of Solar Variability, Electricity and
Magnetism

Grades 9-12
• Electric currents in the earth's interior give the earth an extensive magnetic field,
which we detect from the orientation of compass needles. (AAAS Benchmark
4G/H7) – The Effects of Solar Variability
• A magnetosphere is formed when the solar wind interacts with and is deflected by
the magnetic field of a planet or other body. (2Helio/H1) – The Effects of Solar
Variability
• Some worlds in the solar system have magnetospheres, some have atmospheres,
and a few, such as Earth, have both. Many have neither. They all interact with
charged particles and energy from the Sun in a variety of ways. (2Helio/H2) –
The Effects of Solar Variability
• The solar wind causes chemical and electrical reactions on the surfaces of worlds
without atmospheres or magnetospheres, like the Moon or asteroids. More
energetic particles cause nuclear changes. (2Helio/H3) – The Effects of Solar
Variability
• The solar wind creates the plasma tails of comets. (2Helio/H4) – The Effects of
Solar Variability
• Solar storms interacting with Earth's magnetosphere cause temporary disturbances
in Earth's magnetosphere. These disturbances are called "geomagnetic storms."
(2Helio/H5) – The Effects of Solar Variability
• The giant planets (Jupiter, Saturn, Uranus, Neptune) all have very strong magnetic
fields that interact intensely with the solar wind. (2Helio/H6) – The Effects of
Solar Variability
• Worlds without a conducting liquid core (e.g. Mercury, Venus, our Moon, and
Mars) do not have large-scale magnetic fields. Only local regions on their
surfaces are partially protected from the solar wind by magnetic fields in their
crustal rocks. (2Helio/H7) – The Effects of Solar Variability
• The solar wind strips away the atmospheres of some planets without large-scale
magnetospheres. (2Helio/H8) – The Effects of Solar Variability
10
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The Earth's atmosphere and magnetosphere shield our planet from solar particles
and some electromagnetic radiation. (2Helio/H9) – The Effects of Solar
Variability
Auroras are caused by a current of charged particles that are accelerated by
Earth’s magnetosphere. (2Helio/H10) – The Effects of Solar Variability
The energy that powers auroras comes from the solar wind. (2Helio/H11) – The
Effects of Solar Variability
We use instruments on spacecraft and ground-based instruments to study the
space environment. The electromagnetic spectrum, particles, and electromagnetic
fields can be observed using specialized instruments, such as telescopes and
particle detectors. (related to AAAS Benchmark 4A/H3) – The Effects of Solar
Variability
The solar wind blows a bubble in the interstellar matter surrounding the solar
system. Everything within the boundaries caused by these interactions is called
the “heliosphere.” (2Helio/H12) – The Effects of Solar Variability
The sun's magnetic field extends to the far reaches of the solar system.
(2Helio/H13) – The Effects of Solar Variability
Energy appears in different forms and can be transformed and transported within
the Sun’s system. (2Helio/H14) – The Effects of Solar Variability, Energy
Transformations
Variable features of the Sun include sunspots, solar flares, prominences, and
coronal mass ejections (CMEs). (1Helio/H4) – The Effects of Solar Variability,
Energy Transformations These processes occur on a variety of time scales,
from minutes to years. (2Helio/H15) – The Effects of Solar Variability
Strong, dynamic magnetic fields on the Sun cause sunspots, solar flares,
prominences, and coronal mass ejections (CMEs). (1Helio/H2, 2Helio/H16) –
The Effects of Solar Variability, Electricity and Magnetism
Plasma is the most common state of matter in the universe. All stars, including
our Sun, are made of plasma. (1Helio/H17, 2Helio/H17) – The Effects of Solar
Variability, States of Matter
The solar wind affects the shape of magnetospheres. (2Helio/H18) - The Effects
of Solar Variability

Higher Education
Concepts from the Grades 9-12 set above can also be combined with the Higher
Education concepts below, especially for Astro 101-type classes.
• Aurorae go through substorm and storm cycles. (2Helio/HE1) – The Effects of
Solar Variability
• The creation and variability of magnetic dynamos drive the dynamics of solar and
stellar environments. (2Helio/HE2) – The Effects of Solar Variability
• Plasma processes accelerate and transport particles throughout the Sun and the
solar system. (2Helio/HE3) – The Effects of Solar Variability
• The existence of charged particles causes plasma to generate, and be affected by,
magnetic fields. This can cause extremely complex dynamics. (2Helio/HE4) –
The Effects of Solar Variability
• Under certain circumstances, plasmas cannot cross magnetic field lines, though
they can slide along them like beads on an elastic string. As a result, a strong
plasma can bend weak magnetic fields, and strong magnetic fields can hold back
weak plasmas. (2Helio/H19) - The Effects of Solar Variability
11

Set 3 Concepts – What are the impacts of the Sun on life and
society?
Modern society depends heavily on a variety of technologies that are susceptible to the
extremes of space weather — severe disturbances of the upper atmosphere and of the
near-Earth space environment that are driven by the magnetic activity of the Sun. Strong
electrical currents driven in the Earth’s surface during auroral events can disrupt and
damage modern electric power grids and may contribute to the corrosion of oil and gas
pipelines. During geomagnetic storms, changes in the ionosphere driven by magnetic
activity of the Sun interfere with high-frequency radio communications and GPS
navigation. During solar radiation events caused by solar protons, radio communications
can be severely compromised for commercial airliners on transpolar crossing routes.
Exposure of spacecraft to energetic particles during solar energetic particle events and
radiation belt enhancements can cause temporary operational anomalies, damage critical
electronics, degrade solar arrays, and blind optical systems such as imagers and star
trackers used on commercial and government satellites.
Harsh conditions in the space environment also pose significant risks for the journey of
exploration. Although space is a near-vacuum, the very-thinly-spread particles and fields
are like an ocean that can affect the spacecraft and astronauts that travel through it. Like
seafaring voyagers, space explorers must be constantly aware of the current space
weather and be prepared to handle the most extreme conditions that might be
encountered. 4
Grades K-2
• We can only see the Sun in the daytime. The Sun appears to move slowly across
the sky during the day. (related to AAAS Benchmark 4A/P2) – Gravity, Stars,
Solar System
• The Sun warms the land, air and water. (AAAS Benchmark 4E/P1) – Weather
and Climate, Energy Transformations, Energy Resources
Grades 3-5
• The rotation of the Earth on its axis every 24 hours produces the night-and-day
cycle. To people on Earth, this turning of the planet makes it seem as though the
Sun orbits the Earth once a day. (related to AAAS Benchmark 4B/E2bc) Gravity, Stars, Solar System
• The Earth is one of several planets that orbit the sun, and the moon orbits around
the earth. (AAAS Benchmark 4A/E4) Earth orbits the Sun once per year. (related
to Space Science Sequence for Grades 3-5) (1Helio/E4, 3Helio/E1) – Gravity,
Solar System
• Sunlight is used to run many devices. (AAAS Benchmark 8C/E2) – Energy
Resources
• Science is an adventure that people everywhere can take part in, as they have for
many centuries. (AAAS Benchmark 1C/E1) – Scientific Community

4
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Grades 6-8
• The number of hours of daylight and the intensity of the sunlight both vary in a
predictable pattern that depends on how far north or south of the equator the place
is. This variation explains why temperatures vary over the course of the year and
at different locations. (AAAS Benchmark 4B/M13) – Weather and Climate
• The Sun is the main source of energy for many phenomena on the Earth's surface.
(Space Science Sequence for Grades 6-8 concept) (3Helio/M1) – Weather and
Climate
• Electrical energy can be generated from sunlight, and can be transformed into
almost any other form of energy. (related to AAAS Benchmark 8C/M4) – Energy
Resources
• Energy from the Sun is available indefinitely. (related to AAAS Benchmark
8C/M5) – Energy Resources
• Plants, animals and human beings need the Sun in order to live. (3Helio/M1) –
Flow of Energy in Ecosystems
• Almost all food energy comes originally from sunlight. (AAAS Benchmark
5E/M3c) – Flow of Energy in Ecosystems
• There are a great variety of electromagnetic waves: radio waves, microwaves,
infrared waves, visible light, ultraviolet rays, X-rays, and gamma rays. These
wavelengths vary from radio waves, the longest, to gamma rays, the shortest. The
Sun emits all these types of electromagnetic waves, though in different amounts
for various wavelengths. (AAAS Benchmark 4F/M8) – The Effects of Solar
Variability, Galaxies, Energy Transformations, Waves
• Only a tiny fraction of the Sun's energy comes to Earth. (2Helio/M2, 3Helio/M2)
– The Effects of Solar Variability
• Some of the Sun's radiation is helpful to humans and some can be harmful. We
can develop and use various materials as shields for the wavelengths that are
harmful. Elements of the Earth’s atmosphere form a shield against some of this
radiation, as well. (related to Space Science Sequence for Grades 6-8 concepts)
(3Helio/M3) – Waves
• Space weather is the interaction of matter and energy from the Sun with magnetic
fields such as Earth's. (3Helio/M4) – Electricity and Magnetism
• The best way to protect against space weather hazards is to accurately predict
them so that we can determine what precautions need to be taken. Prediction of
space weather helps to protect human space exploration, technological assets,
communications systems, and Earth-based power systems. (3Helio/M5) –
Electricity and Magnetism
Grades 9-12
• Life is adapted to conditions on the Earth, including an intensity of
electromagnetic waves from the Sun that allows water to be present in the liquid
state. (related to AAAS Benchmark 4B/H1) – Weather and Climate
• Sunlight is the ultimate source of most of the energy we use. The energy in fossil
fuels such as oil and coal comes from energy that plants captured from the Sun
long ago. (AAAS Benchmark 8C/H8) – Energy Resources
• Earth’s magnetic field is important for life on our planet. (3Helio/H1) –
Electricity and Magnetism
13

•

•

•
•
•

Earth’s space environment (ionosphere, upper atmosphere, and magnetosphere)
changes with time, and understanding those changes helps us ease any negative
effects those changes might have on Earth-based and space-based systems.
(3Helio/H2) – Electricity and Magnetism
During the daytime, X-rays and extreme ultraviolet rays from the Sun and galactic
cosmic rays ionize Earth’s upper atmosphere, creating Earth’s ionosphere; the
largest daytime contribution is from high-energy electromagnetic radiation from
the Sun. At night, only cosmic rays ionize Earth’s upper atmosphere to create the
ionosphere. (3Helio/H3) – Electricity and Magnetism
Space explorers, both human and robotic, encounter extreme environments and
need to be able to adapt to them. (3Helio/H4) – Electricity and Magnetism
Scientists, including those at NASA, study the physics of the heliosphere to be
able to understand and predict the Sun’s impacts on humanity. (3Helio/H5) –
Scientific World View
Because the Earth turns daily on an axis that is tilted relative to the plane of the
Earth's yearly orbit around the Sun, sunlight falls more intensely on different parts
of the Earth during the year. The difference in intensity of sunlight and the
resulting warming of the Earth's surface produces the seasonal variations in
temperature. (AAAS Benchmark 4B/H3) Variations in solar output can affect
climate on Earth. (3Helio/H7) – Weather and Climate

Higher Education
Concepts from the Grades 9-12 set above can also be combined with the Higher
Education concept below, especially for Astro 101-type classes.
• Interactions between ionized and neutral gas particles connect the upper
atmospheres of planets to their ionospheres. (3Helio/HE1) – Electricity and
Magnetism

14

Heliophysics Concept Maps
The concept maps to follow use the AAAS Atlas of Science Literacy strand maps as the
foundation, with added heliophysics concepts that are connected to existing AAAS Benchmarks.
Because the range of topics covered in Concept Sets 1 and 3 is so broad, it was necessary to
utilize several existing AAAS strand maps to provide enough of a topic range to showcase all of
the heliophysics concepts. Because Concept Set 2 is more focused in topic range, only one map
was needed. This map does not appear in the AAAS strand maps but it does have the same
format as the AAAS strand maps.
On each of the maps, light yellow boxes indicate existing AAAS Benchmarks that are relevant to
the science of heliophysics:

Not all of the concepts in these yellow boxes are included in the concept sets, only those that are
most relevant to heliophysics. However, any of the concepts in yellow have a connection to
heliophysics, either in part or in whole.
Dark yellow boxes indicate heliophysics concepts that were added to the AAAS Benchmarks.

15

Just like on the AAAS strand maps, arrowhead lines show the progression from one concept to
the next, and sometimes connecting to more than one concept to follow.

Boxes that are colored gray are those that are not inherently relevant to the science of
heliophysics.

The following is a list of each of the foundational AAAS strand maps used for the concept sets:
Concept Set 1 – What causes the Sun to vary?
4A – Solar System
16

4A – Stars
4A – Galaxies and the Universe
4D – States of Matter
4E – Energy Transformations
4F - Waves
4G - Electricity and Magnetism
5E – Flow of Energy in Ecosystems
11C – Patterns of Change
Concept Set 2 – How do the Earth & the heliosphere respond to the Sun?
This map is new but its format follows that of other AAAS strand maps. We have titled this map
“The Effects of Solar Variability.”
Set 3 Concepts – What are the impacts of the Sun on life and society?
1A – Scientific World View
1B – Scientific Investigations
1B – Scientific Theories
1C – The Scientific Community
1C – Science and Society
4A – Solar System
4A – Stars
4B – Weather and Climate
4E – Energy Transformations
4G – Gravity
4G - Electricity and Magnetism
5E – Flow of Energy in Ecosystems
8C – Energy Resources
The Effects of Solar Variability

17

The Nature of Science: Scientific World View (1A)
Scientists, including those at
NASA, study the physics of the
heliosphere to be able to
understand and predict the
Sun's impacts on humanity.
3Helio/H5

9-12

In matters that can be investigated
in a scientific way, evidence for the
value of a scientific approach is
given by the improving ability of
scientists to offer reliable
explanations and make accurate
predictions. 1A/H3d

Science is based on the
assumption that the universe is a
vast single system in which the
basic rules are everywhere the
same and that the things and
events in the universe occur in
consistent patterns that are
comprehensible through careful,
systematic study. 1A/H1

From time to time, major shifts
occur in the scientific view of how
things work. More often, however,
the changes that take place in the
body of scientific knowledge are
small modifications of prior
knowledge. Continuity and
change are persistent features of
science. 1A/H2

In science, the testing, revising,
and occasional discarding of
theories, new and old, never ends.
This ongoing process leads to a
better understanding of how things
work in the world but not to
absolute truth. 1A/H3bc

There are different traditions in
science about what is
investigated and how, but they
all share a commitment to the
use of logical arguments based
on empirical evidence. 1B/H4
Scientists often cannot bring
definitive answers to matters of
public debate. There may be little
reliable data available, or there
may not yet be adequate theories
to understand the phenomena
involved, or the answer may
involve the comparison of values
that lie outside of science. 1C/H9

New ideas in science are limited by
the context in which they are
conceived; are often rejected by the
scientific establishment; sometimes
spring from unexpected findings;
and usually grow slowly, through
contributions from many
investigators. 1B/H7

In the long run, theories are
judged by the range of
observations they explain,
how well they explain
observations, and how useful
they are in making accurate
predictions. 1B/H6b

In the short run, new ideas
that do not mesh well with
mainstream ideas in science
often encounter vigorous
criticism. 1B/H6a

6-8
Science can sometimes be used to
inform ethical decisions by
identifying the likely consequences
of particular actions, but science
cannot be used by itself to
establish that an action is moral or
immoral. 1A/M4c

Scientific knowledge is subject to
modification as new information
challenges prevailing theories and as
a new theory leads to looking at old
observations in a new way. 1A/M2

When similar investigations give
different results, the scientific
challenge is to judge whether the
differences are trivial or significant,
and it often takes further studies to
decide. 1A/M1a
Some matters cannot be
examined usefully in a scientific
way. Among them are matters
that by their nature cannot be
tested against observations. 1A/
M4ab

Scientific investigations usually
involve the collection of relevant
data, the use of logical reasoning,
and the application of imagination in
devising hypotheses and
explanations to make sense of the
collected data. 1B/M1b

3-5
Sometimes scientists have
different explanations for the
same set of observations. That
usually leads to their making
more observations to resolve
the differences. 1B/E3bc

Sometimes similar investigations give
different results because of
differences in the things being
investigated, the methods used, or
the circumstances in which the
investigation is carried out, and
sometimes just because of
uncertainties in observations. It is not
always easy to tell which. 1A/E1

Because we expect science
investigations that are done the
same way to produce the same
results, when they do not, it is
important to try to figure out
why. 1B/E2a

K-2

No matter how well one theory
fits observations, a new theory
might fit them just as well or
better, or might fit a wider
range of observations. 1A/H3a

When a science investigation is
done again in a different place,
we expect to get a very similar
result. 1A/P2

Science is a process of trying to
figure out how the world works
by making careful observations
and trying to make sense of
those observations. 1A/E2

When a science investigation is
done the way it was done
before, we expect to get a very
similar result. 1A/P1

People can often learn about
things around them by just
observing those things carefully,
but sometimes they can learn
more by doing something to the
things and noting what happens.
1B/P1

limits of science

investigating a knowable world

KEY

concept important to Heliophysics
AAAS Benchmark (full or partial) that is important to Heliophysics
concept that is not important to Heliophysics

(related to AAAS Benchmark...) portion of text from a AAAS benchmark. Generally, the remaining text does
not involve heliophysics in some way or the Benchmark was slightly
rewritten to better reflect the necessary heliophysics concept and/or
updated content.
(4F/M8) coding system used for AAAS Benchmarks (4F/M8 is an example)
(1Helio/E1)

coding system used for Heliophysics concept written especially for this miniAtlas

continuity and change

The Nature of Science: Scientific Investigations (1B)
9-12
There are different traditions
in science about what is
investigated and how, but
they all share a commitment
to the use of logical
arguments based on
empirical evidence. 1B/H4

Sometimes, scientists can
control conditions in order
to obtain evidence. When
that is not possible,
practical, or ethical, they try
to observe as wide a range
of natural occurrences as
possible to discern
patterns. 1B/H3

Investigations are conducted for
different reasons, including to
explore new phenomena, to
check on previous results, to test
how well a theory predicts, and to
compare theories. 1B/H1

6-8
Accurate record-keeping,
openness, and replication are
essential for maintaining an
investigator's credibility with
other scientists and society.
1C/M7
Even with similar results,
scientists may wait until an
investigation has been
repeated many times before
accepting the results as
correct. 1A/M1b

Scientific investigations
usually involve the collection
of relevant data, the use of
logical reasoning, and the
application of imagination in
devising hypotheses and
explanations to make sense of
the collected data. 1B/M1b

If more than one variable
changes at the same time in
an experiment, the outcome
of the experiment may not be
clearly attributable to any one
variable. It may not always be
possible to prevent outside
variables from influencing an
investigation (or even to
identify all of the variables).
1B/M2ab

Notice and criticize the
reasoning in arguments in
which no mention is made
of whether control groups
are used or whether the
control groups are very
much like the experimental
group. 12E/M5d

When similar investigations
give different results, the
scientific challenge is to judge
whether the differences are
trivial or significant, and it
often takes further studies to
decide. 1A/M1a

3-5

Clear communication is an
essential part of doing science. It
enables scientists to inform others
about their work, expose their
ideas to criticism by other
scientists, and stay informed about
scientific discoveries around the
world. 1C/E2

Sometimes similar
investigations give different
results because of differences
in the things being
investigated, the methods
used, or the circumstances in
which the investigation is
carried out, and sometimes
just because of uncertainties in
observations. 1A/E1a

Because we expect science
investigations that are done
the same way to produce the
same results, when they do
not, it is important to try to
figure out why. 1B/E2a

Recognize when
comparisons might not
be fair because some
conditions are not kept
the same. 12E/E2

One reason for following
directions carefully and for
keeping records of one's work is
to provide information on what
might have caused differences in
investigations. 1B/E2b

K-2
Sometimes people aren't
sure what will happen
because they don't know
everything that might be
having an effect. 9D/P1c

When a science
investigation is done the
way it was done before,
we expect to get a very
similar result. 1A/P1

Describing things as
accurately as possible is
important in science
because it enables people
to compare their
observations with those of
others. 1B/P3

Draw pictures that
portray some features of
the thing being
described. 12D/P2

control and conditions

reliability of results

KEY

record-keeping

concept important to Heliophysics
AAAS Benchmark (full or partial) that is important to Heliophysics
concept that is not important to Heliophysics

(related to AAAS Benchmark...) portion of text from a AAAS benchmark. Generally, the remaining text does
not involve heliophysics in some way or the Benchmark was slightly
rewritten to better reflect the necessary heliophysics concept and/or
updated content.
(4F/M8) coding system used for AAAS Benchmarks (4F/M8 is an example)
(1Helio/E1)

coding system used for Heliophysics concept written especially for this miniAtlas

Scientific investigations may
take many different forms,
including observing what
things are like or what is
happening somewhere,
collecting specimens for
analysis, and doing
experiments. 1B/E1

Keep written or electronic
records of information so
that the records are
understandable weeks or
months later. 12C/E3

Describe and compare
real-world objects in
terms of number, shape,
texture, size, weight,
color, and motion. 12D/
P1

People can often learn about
things around them by just
observing those things
carefully, but sometimes they
can learn more by doing
something to the things and
noting what happens. 1B/P1

Raise questions about
the world and be willing
to seek answers to these
questions by making
careful observations and
trying things out. 12A/P1

kinds of investigations

The Nature of Science: Scientific Theories (1B)
9-12

In matters that can be
investigated in a scientific way,
evidence for the value of a
scientific approach is given by
the improving ability of
scientists to offer reliable
explanations and make
accurate predictions. 1A/H3d

No matter how well one
theory fits observations, a
new theory might fit them
just as well or better, or
might fit a wider range of
observations. 1A/H3a

The usefulness of a model
can be tested by comparing
its predictions to actual
observations in the real
world. But a close match
does not necessarily mean
that other models would not
work equally well or better.
11B/H3

In the long run, theories are
judged by the range of
observations they explain, how
well they explain observations,
and how useful they are in
making accurate predictions.
1B/H6b
Hypotheses are widely
used in science for
choosing what data to pay
attention to and what
additional data to seek, and
for guiding the
interpretation of the data
(both new and previously
available). 1B/H2

From time to time, major
shifts occur in the scientific
view of how things work.
More often, however, the
changes that take place in
the body of scientific
knowledge are small
modifications of prior
knowledge. Continuity and
change are persistent
features of science. 1A/H2

In science, the testing,
revising, and occasional
discarding of theories, new
and old, never ends. This
ongoing process leads to a
better understanding of
how things work in the
world but not to absolute
truth. 1A/H3bc

New ideas in science are
limited by the context in
which they are conceived;
are often rejected by the
scientific establishment;
sometimes spring from
unexpected findings; and
usually grow slowly,
through contributions from
many investigators. 1B/H7

In the short run, new ideas
that do not mesh well with
mainstream ideas in
science often encounter
vigorous criticism. 1B/H6a

Suggest alternative trade-offs
in decisions and designs and
criticize those in which major
trade-offs are not
acknowledged. 12E/H6b

6-8
Scientific knowledge is
subject to modification as
new information challenges
prevailing theories and as a
new theory leads to looking
at old observations in a new
way. 1A/M2

Hypotheses are
valuable, even if they
turn out not to be true, if
they lead to fruitful
investigations. 12A/M2

Some scientific
knowledge is very old
and yet is still applicable
today. 1A/M3

Scientific investigations usually
involve the collection of
relevant data, the use of
logical reasoning, and the
application of imagination in
devising hypotheses and
explanations to make sense of
the collected data. 1B/M1b

Different models can be
used to represent the
same thing. What model
to use depends on its
purpose. 11B/M3

Often different explanations
can be given for the same
observations, and it is not
always possible to tell
which one is correct. 12A/
M3

3-5
Sometimes scientists have
different explanations for
the same set of
observations. That usually
leads to their making more
observations to resolve the
differences. 1B/E3bc
Keep written or electronic
records of information so
that the records are
understandable weeks or
months later. 12C/E3

Scientists' explanations
about what happens in
the world come partly
from what they observe,
partly from what they
think. 1B/E3a

K-2
When people give different
descriptions of the same
thing, it is usually a good
idea to make some fresh
observations instead of just
arguing about who is right.
1B/P4

Raise questions about the
world and be willing to seek
answers to these questions
by making careful
observations and trying
things out. 12A/P1

making sense of evidence

alternative explanations

KEY

concept important to Heliophysics
AAAS Benchmark (full or partial) that is important to Heliophysics
concept that is not important to Heliophysics

(related to AAAS Benchmark...) portion of text from a AAAS benchmark. Generally, the remaining text does
not involve heliophysics in some way or the Benchmark was slightly
rewritten to better reflect the necessary heliophysics concept and/or
updated content.
(4F/M8) coding system used for AAAS Benchmarks (4F/M8 is an example)
(1Helio/E1)

coding system used for Heliophysics concept written especially for this miniAtlas

theory modification

The Nature of Science: The Scientific Community (1C)
9-12

The direction of scientific research is
affected by informal influences within the
culture of science itself, such as prevailing
opinion on which questions are most
interesting or which methods of
investigation are most likely to be fruitful.
Elaborate processes involving scientists
themselves have been developed to decide
which research proposals receive funding,
and committees of scientists regularly
review progress in various disciplines to
recommend general priorities for funding.
1C/H11

The strongly held traditions of science,
including its commitment to peer review and
publication, serve to keep the vast majority
of scientists well within the bounds of
ethical professional behavior. Deliberate
deceit is rare and likely to be exposed
sooner or later by the scientific enterprise
itself. When violations of these scientific
ethical traditions are discovered, they are
strongly condemned by the scientific
community, and the violators then have
difficulty regaining the respect of other
scientists. 1C/H7

Because science is a human
activity, what is valued in society
influences what is valued in
science. 1C/H10

Science disciplines differ from one
another in what is studied, techniques
used, and outcomes sought, but they
share a common purpose and philosophy,
and all are part of the same scientific
enterprise. Although each discipline
provides a conceptual structure for
organizing and pursuing knowledge,
many problems are studied by scientists
using information and skills from many
disciplines. Disciplines do not have fixed
boundaries, and it happens that new
scientific disciplines are being formed
where existing ones meet and that some
subdisciplines spin off to become new
disciplines in their own right. 1C/H4

The early Egyptian, Greek, Chinese,
Hindu, and Arabic cultures are
responsible for many scientific and
mathematical ideas and
technological inventions. Modern
science is based on traditions of
thought that came together in Europe
about 500 years ago. People from all
cultures now contribute to that
tradition. 1C/H1

Funding influences the direction
of science by virtue of the
decisions that are made on which
research to support. Research
funding comes from various
federal government agencies,
industry, and private foundations.
1C/H8
Scientists' nationality, sex, ethnic
origin, age, political convictions,
and so on may incline them to
look for or emphasize one or
another kind of evidence or
interpretation. 1B/H8

6-8

Scientists' personal interests
and viewpoints can influence
the questions they
investigate. 1C/M8

No matter who does science and
mathematics or invents things, or
when or where they do it, the
knowledge and technology that
result can eventually become
available to everyone in the
world. 1C/M3

Until recently, women and racial
minorities, because of restrictions on
their education and employment
opportunities, were essentially left out
of much of the formal work of the
science establishment; the
remarkable few who overcame those
obstacles were even then likely to
have their work disregarded by the
science establishment. 1C/M2

Scientists differ greatly in what
phenomena they study and
how they go about their work.
1B/M1a

The dissemination of scientific
information is crucial to its progress.
Some scientists present their findings
and theories in papers that are delivered
at meetings or published in scientific
journals. Those papers enable scientists
to inform others about their work, to
expose their ideas to criticism by other
scientists, and, of course, to stay
abreast of scientific developments
around the world. 1C/H12

Important contributions to the
advancement of science,
mathematics, and technology
have been made by different
kinds of people, in different
cultures, at different times. 1C/
M1

Scientists are linked to other
scientists worldwide both
personally and through
international scientific
organizations. 1C/M9

Scientists are employed by
colleges and universities, business
and industry, hospitals, and many
government agencies. Their
places of work include offices,
classrooms, laboratories, farms,
factories, and natural field settings
ranging from space to the ocean
floor. 1C/M4

Accurate record-keeping,
openness, and replication are
essential for maintaining an
investigator's credibility with
other scientists and society.
1C/M7

3-5
Clear communication is an
essential part of doing science. It
enables scientists to inform others
about their work, expose their
ideas to criticism by other
scientists, and stay informed
about scientific discoveries around
the world. 1C/E2

Doing science involves many
different kinds of work and
engages men and women of all
ages and backgrounds. 1C/E3
Science is an adventure that
people everywhere can take part
in, as they have for many
centuries. 1C/E1

Human beings have
different interests,
motivations, skills, and
talents. 6D/E1

K-2

Everybody can do
science and invent things
and ideas. 1C/P1

limits of science

employment & funding

KEY

people

concept important to Heliophysics
AAAS Benchmark (full or partial) that is important toHeliophysics
concept that is not important toHeliophysics

(related to AAAS Benchmark...) portion of text from a AAAS benchmark. Generally, the remaining text does
not involve heliophysics in some way or the Benchmark was slightly
rewritten to better reflect the necessaryheliophysics concept and/or
updated content.
(4F/M8) coding system used for AAAS Benchmarks (4F/M8 is an example)
(1Helio/E1) coding system used for Heliophysics concept written especially for this miniAtlas

In doing science, it is often
helpful to work with a team and
to share findings with others. All
team members should reach
their own individual conclusions,
however, about what the findings
mean. 1C/P2

Describing things as
accurately as possible is
important in science because it
enables people to compare
their observations with those
of others. 1B/P3

scientific communication

The Nature of Science: Science and Society (1C)
9-12
History often involves
scientific and
technological
developments. 1C/H3b

Progress in science and
invention depends
heavily on what else is
happening in society. 1C/
H3a

Some scientists and engineers
are comfortable working in
situations in which some secrecy
is required, but others prefer not
to do so. It is generally regarded
as a matter of individual choice
and ethics, not one of
professional ethics. 3C/H2

When applications of
research could pose risks
to society, scientists'
decisions to participate in
that research are based
on personal as well as
professional ethics. 1C/
H5b
Because science is a
human activity, what is
valued in society
influences what is valued
in science. 1C/H10

Funding influences the
direction of science by virtue
of the decisions that are
made on which research to
support. Research funding
comes from various federal
government agencies,
industry, and private
foundations. 1C/H8

The strongly held traditions of science,
including its commitment to peer review
and publication, serve to keep the vast
majority of scientists well within the
bounds of ethical professional behavior.
Deliberate deceit is rare and likely to be
exposed sooner or later by the scientific
enterprise itself. When violations of
these scientific ethical traditions are
discovered, they are strongly
condemned by the scientific community,
and the violators then have difficulty
regaining the respect of other scientists.
1C/H7

Scientists' nationality, sex,
ethnic origin, age, political
convictions, and so on may
incline them to look for or
emphasize one or another
kind of evidence or
interpretation. 1B/H8

Current ethics in science hold
that research involving human
subjects may be conducted
only with the informed consent
of the subjects, even if this
constraint limits some kinds of
potentially important research
or influences the results. 1C/
H5a

6-8

One way science affects
society is by stimulating
and satisfying people's
curiosity and enlarging or
challenging their views of
what the world is like. 3A/
H3b

Where a scientist's own
personal, institutional, or
community interests are at
stake, he or she may be
as biased as others are.
1C/H6d

Scientists can bring
information, insights, and
analytical skills to bear on
matters of public concern.
Acting in their areas of
expertise, scientists can
help people understand the
likely causes of events and
estimate their possible
effects. 1C/H6ab

Scientists often cannot bring
definitive answers to matters
of public debate. There may
be little reliable data
available, or there may not
yet be adequate theories to
understand the phenomena
involved, or the answer may
involve the comparison of
values that lie outside of
science. 1C/H9

Science can sometimes be used to
inform ethical decisions by identifying
the likely consequences of particular
actions, but science cannot be used
by itself to establish that an action is
moral or immoral. 1A/M4c

Scientists' personal interests
and viewpoints can influence
the questions they investigate.
1C/M8

Science ethics demand that
scientists must not knowingly
subject coworkers, students,
or community residents to
health or property risks
without their prior knowledge
and consent. 1C/M5b

Accurate record-keeping,
openness, and replication
are essential for maintaining
an investigator's credibility
with other scientists and
society. 1C/M7

Societies influence what
aspects of technology are
developed and how these are
used. People control
technology (as well as
science) and are responsible
for its effects. 3C/M7

Until recently, women and
racial minorities, because of
restrictions on their education
and employment
opportunities, were essentially
left out of much of the formal
work of the science
establishment; the remarkable
few who overcame those
obstacles were even then
likely to have their work
disregarded by the science
establishment. 1C/M2

In research involving human
subjects, the ethics of science
require that potential subjects be fully
informed about the risks and benefits
associated with the research and of
their right to refuse to participate.
Because animals cannot make
informed choices, special care must
be taken in using them in scientific
research. 1C/M5ac

Some matters cannot be examined
usefully in a scientific way. Among
them are matters that by their
nature cannot be tested against
observations. 1A/M4ab

3-5
Many social practices
and products of
technology are shaped
by scientific knowledge.
1C/E4

K-2

A lot can be learned about
plants and animals by
observing them closely, but
care must be taken to know
the needs of living things
and how to provide for
them in the classroom. 1C/
P3

ethics in research

society affects science

KEY

concept important to Heliophysics
AAAS Benchmark (full or partial) that is important to Heliophysics
concept that is not important to Heliophysics

(related to AAAS Benchmark...)

portion of text from a AAAS benchmark. Generally, the remaining text does
not involve heliophysics in some way or the Benchmark was slightly
rewritten to better reflect the necessary heliophysics concept and/or
updated content.

(4F/M8) coding system used for AAAS Benchmarks (4F/M8 is an example)
(1Helio/E1)

coding system used for Heliophysics concept written especially for this miniAtlas

science affects society

The Physical Setting: Solar System (4A)

9-12
Our solar system coalesced out
of a giant cloud of gas and
debris left in the wake of
exploding stars about five
billion years ago. Everything in
and on the earth, including
living organisms, is made of
this material. 4A/H6

Stars condensed by gravity out of
clouds of molecules of the lightest
elements until nuclear fusion of the
light elements into heavier ones began
to occur. Fusion released great
amounts of energy over millions of
years. 4A/H2cd

6-8

Something can be "seen"
when light waves emitted or
reflected by it enter the
eye—just as something can
be "heard" when sound
waves from it enter the ear.
4F/M2

As the earth and other planets formed,
the heavier elements fell to their
centers. On planets close to the sun
(Mercury, Venus, Earth, and Mars), the
lightest elements were mostly blown or
boiled away by radiation from the
newly formed sun; on the outer
planets (Jupiter, Saturn, Uranus,
Neptune, and Pluto) the lighter
elements still surround them as deep
atmospheres of gas or as frozen solid
layers. 4A/H5

Many chunks of rock orbit the sun.
Those that meet the earth glow and
disintegrate from friction as they plunge
through the atmosphere—and
sometimes impact the ground. Other
chunks of rock mixed with ice have
long, off-center orbits that carry them
close to the sun, where the sun's
radiation (of light and particles) boils off
frozen materials from their surfaces and
pushes it into a long, illuminated tail.
4A/M4

The moon's orbit around the
earth once in about 28 days
changes what part of the moon is
lighted by the sun and how much
of that part can be seen from the
earth- the phases of the moon.
4B/M5

The sun is in the center of our solar
system. (1Helio/M1)
Planets move around the Sun in
approximately circular orbits. The
SUn's gravity keeps Earth and other
planets in orbit around it. (related to
4A/M3)

Because every object is moving
relative to some other object, no
object has a unique claim to be
at rest. Therefore, the idea of
absolute motion or rest is
misleading. 10A/M1

Telescopes reveal that there are
many more stars in the night sky than
are evident to the unaided eye [and]
the Sun has dark spots... (related to
10A/M2)

3-5
The earth is one of several planets that
orbit the sun, and the moon orbits around
the earth. 4A/E4

Planets change their positions
against the background of stars.
4A/E3

Earth orbits the sun once a year. 1Helio/
E4, 3Helio/E1

People cannot
determine how the solar
system is put together
just by looking at it. (BSL
essay, p.67)
The rotation of the earth on its axis every
24 hours produces the night-and-day
cycle. To people on earth, this turning of
the planet makes it seem as though the
sun orbits the earth once a day. (related
to 4B/E2bc)

The patterns of stars in the sky stay
the same, although they appear to
move across the sky nightly, and
different stars can be seen in different
seasons. 4A/E1

Telescopes magnify the
appearance of some distant
objects in the sky, including the
moon and the planets. The number
of stars that can be seen through
telescopes is dramatically greater
than can be seen by the unaided
eye. 4A/E2

K-2
The moon looks a little different
every day but looks the same
again about every four weeks.
4A/P3

We can only see the Sun in the
daytime. The Sun appears to
move slowly across the sky
during the day. (related to 4A/P2)

relative motion

phases of the moon

observations of the sky

KEY

Magnifiers help people
see things they could not
see without them. 5C/P1

There are more stars in the sky than
anyone can easily count, but they
are not scattered evenly, and they
are not all the same in brightness or
color. 4A/P1

the planets
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telescopes

The Physical Setting: Stars (4A)
9-12

The chromosphere is a
glowing shell of matter
between the photosphere
and corona. It emits energy
primarily as ultraviolet light
and is hotter than the
photosphere. 1Helio/H13

Eventually, some stars exploded, producing
clouds containing heavy elements from
which other stars and planets orbiting them
could later condense. The process of star
formation and destruction continues. 4A/
H2ef

Energy moves outward
through the convection zone
through “convection”: the
rising of hot matter that cools
and falls, heats up and rises
again. 1Helio/H11

Our sun and other stars condensed by
gravity out of clouds of molecules of the
lightest elements until nuclear fusion of
the light elements into heavier ones
began to occur. Fusion released great
amounts of energy over millions of years.
4A/H2cd (text addition)

Mathematical models and
computer simulations are used in
studying evidence from many
sources in order to form a
scientific account of the universe.
4A/H4

Increasingly sophisticated technology is used to
learn about the universe. Visual, radio, and Xray telescopes collect information from across
the entire spectrum of electromagnetic waves;
computers handle data and complicated
computations to interpret them; space probes
send back data and materials from remote parts
of the solar system; and accelerators give
subatomic particles energies that simulate
conditions in the stars... (4A/H3)

The Sun's atmosphere
blows out into the Solar
System as a stream of
charged particles called the
“solar wind.” (Helio/H15

The Sun is a main-sequence
star. 1Helio/H6

Nuclear fusion releases great
amounts of energy in the
Sun's core. 1Helio/H8

The corona is the outer atmosphere
of the Sun. It emits energy primarily
as ultraviolet light and is hotter than
the chromosphere. 1Helio/H14

The photosphere is a glowing shell of
matter at the outer layer of the
convection zone. It emits energy
primarily as visible light. 1Helio/H12

Energy moves outward through the
radiative zone by way of
electromagnetic radiation colliding
with matter. 1Helio/H10

Energy released by the Sun
from its core moves outward.
1Helio/H9

Unlike the sun, most
stars are in systems of
two or more stars orbiting
around one another. 4A/
H1b
The sun and other stars differ from
each other in size, temperature, and
age, but they appear to be made up of
the same elements found on earth and
behave according to the same physical
principles. 4A/H1a (text addition)

We use instruments on spacecraft and groundbased instruments to study the space
environment. The electromagnetic spectrum,
particles, and electromagnetic fields can be
observed using specialized instruments, such
as telescopes and particle detectors. (related to
4A/H3)

The Sun has six major regions:
the core, radiative zone,
convective zone, photosphere,
chromosphere, and corona. The
Sun's layered regions are marked
by changes in density, from the
highest density in the core to the
lowest density in the corona.
1Helio/H7

6-8
Every object exerts gravitational force
on every other object. The force
depends on how much mass the
objects have and on how far apart they
are. The force is hard to detect unless
at least one of the objects has a lot of
mass. 4G/M1

...light from the next nearest star takes a
few years to arrive. The trip to that star
would take the fastest rocket thousands of
years. 4A/M2bc
Technology is essential to science
for such purposes as access to
outer space and other remote
locations, sample collection and
treatment, measurement, data
collection and storage, computation,
and communication of information.
3A/M2

The sun is many thousands of times
closer to the earth than any other
star. Light from the sun takes a few
minutes to reach the earth... 4A/
M2ab

Telescopes reveal that there are
many more stars in the night sky
than are evident to the unaided
eye [and] the Sun has dark
spots... (related to 10A/M2)

The sun's gravitational pull
holds the earth and other
planets in their orbits... 4G/
M2 (partial, added to this
map)
The Sun has layers. 1Helio/
M5

The sun is a medium-sized star
located near the edge of a discshaped galaxy of stars, part of which
can be seen as a glowing band of
light that spans the sky on a very
clear night. 4A/M1a

Something can be "seen" when light
waves emitted or reflected by it enter
the eye—just as something can be
"heard" when sound waves from it
enter the ear. 4F/M2

3-5

The Sun has dark spots,
called "sunspots."
Sunspots are slighty
cooler regions on the
Sun's surface. (related to
10A/M2)

The sun is an above-average star (
in terms of mass, temperature, and
size) located in the center of our
solar system. 1Helio/M2

Telescopes magnify the appearance
of some distant objects in the sky,
including the moon and the planets.
The number of stars that can be
seen through telescopes is
dramatically greater than can be
seen by the unaided eye. 4A/E2

The Sun has dark
spots. 1Helio/E3

The patterns of stars in the
sky stay the same,
although they appear to
move across the sky
nightly, and different stars
can be seen in different
seasons. 4A/E1

The Sun is a star, but seen up
close. (related to 4A/E5)

The rotation of the earth on its axis
every 24 hours produces the nightand-day cycle. To people on earth,
this turning of the planet makes it
seem as though the sun orbits the
earth once a day. (related to 4B/
E2bc)

A large light source at a great distance
looks like a small light source that is
much closer. 4A/E6

K-2
Magnifiers help people see
things they could not see
without them. 5C/P1

There are more stars in the sky than
anyone can easily count, but they
are not scattered evenly, and they
are not all the same in brightness or
color. 4A/P1

the sun and stars

telescopes

KEY

concept important to Heliophysics
AAAS Benchmark (full or partial) that is important to Heliophysics
concept that is not important to Heliophysics

(related to AAAS Benchmark...) portion of text from a AAAS benchmark. Generally, the remaining text does
not involve heliophysics in some way or the Benchmark was slightly
rewritten to better reflect the necessary heliophysics concept and/or
updated content.
(4F/M8) coding system used for AAAS Benchmarks (4F/M8 is an example)
(1Helio/E1)

coding system used for Heliophysics concept written especially for this miniAtlas

We can only see the Sun in the
daytime. The Sun appears to
move slowly across the sky
during the day. (related to 4A/P2)

observations of the
sky

The Physical Setting: Galaxies and the Universe (4A)
On the basis of scientific evidence,
the universe is estimated to be
over ten billion years old. The
current theory is that its entire
contents expanded explosively
from a hot, dense, chaotic mass.
4A/H2ab

9-12

Mathematical models and
computer simulations are used in
studying evidence from many
sources in order to form a
scientific account of the universe.
4A/H4

Because the light seen from almost all
distant galaxies has longer wavelengths
than comparable light here on Earth,
astronomers believe that the whole
universe is expanding. 4F/H5c

Increasingly sophisticated technology is
used to learn about the universe. Visual,
radio, and X-ray telescopes collect
information from across the entire spectrum
of electromagnetic waves; computers
handle data and complicated computations
to interpret them; space probes send back
data and materials from remote parts of the
solar system; and accelerators give
subatomic particles energies that simulate
conditions in the stars... 4A/H3
We use instruments on spacecraft and
ground-based instruments to study the
space environment. The electromagnetic
spectrum, particles, and electromagnetic
fields can be observed using specialized
instruments, such as telescopes and
particle detectors. (related to 4A/H3)

Our Sun and the rest of the stars differ from
each other in size, temperature, and age,
but they appear to be made up of the same
elements found on earth and behave
according to the same physical principles.
4A/H1a text addition

The observed wavelength of a wave
depends upon the relative motion of the
source and the observer. If either is
moving toward the other, the observed
wavelength is shorter; if either is moving
away, the wavelength is longer. 4F/H5ab

In empty space, all electromagnetic
waves move at the same speed - the
"speed of light." 4F/H3c

6-8
There are a great variety of electromagnetic waves:
radio waves, microwaves, infrared waves, visible
light, ultraviolet rays, X-rays, and gamma rays.
These wavelengths vary from radio waves, the
longest, to gamma rays, the shortest. 4F/M8

Some distant galaxies are so far
away that their light takes several
billion years to reach the earth.
People on earth, therefore, see them
as they were that long ago in the
past. 4A/M2de

The Sun gives off energies in the full range of the
electromagnetic spectrum. The Sun emits different
amounts of these energies depending on
wavelength. Most of the radiation that the Sun
emits is in the form of visible light. 1Helio/M6,
2Helio/M1

The universe contains many
billions of galaxies, and each
galaxy contains many billions
of stars. To the naked eye,
even the closest of these
galaxies is no more than a
dim, fuzzy spot. 4A/M1bc
Technology is essential to science for such
purposes as access to outer space and
other remote locations, sample collection
and treatment, measurement, data
collection and storage, computation, and
communication of information. 3A/M2

Telescopes reveal that there are many
more stars in the night sky than are
evident to the unaided eye [and] the
Sun has dark spots... (related to 10A/
M2)

Human eyes respond to only a narrow
range of wavelengths of
electromagnetic waves-visible light.
Differences of wavelength within that
range are perceived as differences of
color. 4F/M5

The sun is many thousands of times
closer to the earth than any other star.
Light from the sun takes a few minutes
to reach the earth... 4A/M2abc (partial)

Something can be "seen" when light waves
emitted or reflected by it enter the
eye—just as something can be "heard"
when sound waves from it enter the ear.
4F/M2

3-5
Telescopes magnify the
appearance of some distant
objects in the sky, including the
moon and the planets. The
number of stars that can be seen
through telescopes is dramatically
greater than can be seen by the
unaided eye. 4A/E2

The Sun is a star, but seen up
close. (related to 4A/E5)

A large light source at a great
distance looks like a small light
source that is much closer. 4A/E6

K-2
There are more stars in the
sky than anyone can easily
count, but they are not
scattered evenly, and they are
not all the same in brightness
or color. 4A/P1

Magnifiers help people see
things they could not see
without them. 5C/P1

telescopes

light
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galaxies

The Physical Setting: Weather and Climate (4B)
9-12
Transfer of thermal energy between
the atmosphere and the land or
oceans produces temperature
gradients in the atmosphere and the
oceans. Regions at different
temperatures rise or sink or mix,
resulting in winds and ocean currents.
These winds and ocean currents,
which are also affected by the Earth's
rotation and the shape of the land,
carry thermal energy from warm to
cool areas. 4B/H2

Because the Earth turns daily on an axis that is
tilted relative to the plane of the Earth's yearly
orbit around the sun, sunlight falls more intensely
on different parts of the Earth during the year.
The difference in intensity of sunlight and the
resulting warming of the Earth's surface
produces the seasonal variations in temperature.
4B/H3

Life is adapted to conditions on the Earth,
including an intensity of electromagnetic
waves from the sun that allows water to be
present in the liquid state. related to 4B/H1

Climate conditions result from
latitude, altitude, and from the
position of mountain ranges,
oceans, and lakes. Dynamic
processes such as cloud
formation, ocean currents, and
atmospheric circulation patterns
influence climate as well. 4B/H5

Plants on land and under water
alter the Earth's atmosphere by
removing carbon dioxide from
it, using the carbon to make
sugars and releasing oxygen.
This process is responsible for
the oxygen content of the air.
4C/H1

The action of a
gravitational force on
regions of different
densities causing them to
rise or fall creating
currents that contribute to
the transfer of energy. 4E/
H8

Greenhouse gases in the
atmosphere, such as carbon
dioxide and water vapor, are
transparent to much of the
incoming sunlight but not to the
infrared light from the warmed
surface of the Earth. When
greenhouse gases increase,
more thermal energy is trapped
in the atmosphere, and the
temperature of the Earth
increases the light energy
radiated into space until it again
equals the light energy
absorbed from the sun. 4B/H4

Variations in solar output can affect climate on
Earth. 3Helio/H6

6-8

Thermal energy carried by
ocean currents has a
strong influence on
climates around the world.
Areas near oceans tend to
have more moderate
temperatures than they
would if they were farther
inland but at the same
latitude because water in
the oceans can hold a
large amount of thermal
energy. 4B/M9

The number of hours of daylight and the
intensity of the sunlight both vary in a
predictable pattern that depends on how
far north or south of the equator the
place is. This variation explains why
temperatures vary over the course of the
year and at different locations. 4B/M13

The temperature of a place on the Earth's
surface tends to rise and fall in a somewhat
predictable pattern every day and over the
course of a year. The pattern of
temperature changes observed in a place
tends to vary depending on how far north or
south of the equator the place is, how near
to oceans it is, and how high above sea
level it is. 4B/M12

Thermal energy is transferred through a
material by the collision of atoms within
the material. Over time, the thermal
energy tends to spread out through a
material and from one material to another
if they are in contact. Thermal energy can
also be transferred by means of currents
in air, water, or other fluids. In addition,
some thermal energy in all materials is
transformed into light energy and
radiated into the environment by
electromagnetic waves; the light energy
can be transformed back into thermal
energy when the electromagnetic waves
strike another material. As a result, a
material tends to cool down unless some
other form of energy is converted to
thermal energy in the material. 4E/M3

The Sun is the main source of
energy for many phenomena on
the Earth's surface. 3Helio/M1

Climates have
sometimes changed
abruptly in the past as a
result of volcanic
eruptions or impacts of
huge rocks from space
4B/M6

The atmosphere is a
mixture of nitrogen,
oxygen, and trace
amounts of water vapor,
carbon dioxide, and other
gases.
4B/M15

The Earth has a variety of climates,
defined by average temperature,
precipitation, humidity, air pressure,
and wind, over time in a particular
place. 4B/M14
Water evaporates from the surface of
the Earth, rises and cools, condenses
into rain or snow, and falls again to
the surface. The water falling on land
collects in rivers and lakes, soil, and
porous layers of rock, and much of it
flows back into the oceans. The
cycling of water in and out of the
atmosphere is a significant aspect of
the weather patterns on Earth. 4B/M7

The Earth is mostly rock.
Three-fourths of the Earth's
surface is covered by a
relatively thin layer of water
(some of it frozen), and the
entire planet is surrounded
by a relatively thin layer of
air. 4B/M2ab

Light and other electromagnetic waves can
warm objects. How much an object's
temperature increases depends on how
intense the light striking its surface is, how
long the light shines on the object, and how
much of the light is absorbed. 4E/M6

3-5

When liquid water disappears,
it turns into a gas (vapor) in the
air and can reappear as a liquid
when cooled, or as a solid if
cooled below the freezing point
of water. Clouds and fog are
made of tiny droplets or frozen
crystals of water. 4B/E3

The weather is always changing
and can be described by
measurable quantities such as
temperature, wind direction and
speed, and precipitation. Large
masses of air with certain
properties move across the
surface of the Earth. The
movement and interaction of
these air masses is used to
forecast the weather. 4B/E5

When warmer things are put with
cooler ones, heat is transferred from
the warmer ones to the cooler ones.
4E/E2b

A warmer object can warm a
cooler one by contact or at a
distance. 4E/E2c

The Earth's climates have
changed in the past, are currently
changing, and are expected to
change in the future, primarily
due to changes in the amount of
light reaching places on the earth
and the composition of the
atmosphere. The burning of fossil
fuels in the last century has
increased the amount of
greenhouse gases in the
atmosphere, which has
contributed to Earth's warming.
4B/H6

Human activities, such as reducing
the amount of forest cover,
increasing the amount and variety
of chemicals released into the
atmosphere, and intensive
farming, have changed the Earth's
land, oceans, and atmosphere.
Some of these changes have
decreased the capacity of the
environment to support some life
forms. 4C/M7

Air is a material that
surrounds us and
takes up space and
whose movement we
feel as wind. 4B/E4

K-2
Water can be a liquid or a solid and can go
back and forth from one form to the other. If
water is turned into ice and then the ice is
allowed to melt, the amount of water is the
same as it was before freezing. 4B/P2

Water left in an open container
disappears, but water in a closed
container does not disappear. 4B/P3

The temperature and amount of
rain (or snow) tend to be high,
low, or medium in the same
months every year. 4B/P1

The sun warms the land, air
and water. 4E/P1
Change is something that
happens to many things. 4C/P2

Temperature and Winds

Water Cycle

KEY

Atmosphere
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Climate Change

The Physical Setting: States of Matter (4D)

Higher Education

The Sun's magnetic field arises from
electric currents in its convective
zone. These electric currents are
generated by bulk motions (i.e.,
differential rotation and convective
flows) of plasma in the convective
zone. 1Helio/HE3

Plasma processes accelerate and
transport particles throughout the
Sun. 1Helio/HE1

9-12

Plasma is the most common
state of matter in the Universe.
All stars, including our sun, are
made of plasma. 1Helio/H17,
2Helio/H17

An enormous variety of
biological, chemical, and
physical phenomena can be
explained by changes in the
arrangement and motion of
atoms and molecules. 4D/H7b
A system usually has some
properties that are different from
those of its parts, but appear
because of the interaction of
those parts. 11A/H1

A gas becomes a plasma when
the addition of heat or other
energy causes a significant
number of atoms to release
some or all of their electrons. A
gas is considered to be a
plasma when enough atoms are
ionized to significantly affect the
electrical characteristics of the
gas. 1Helio/H16

6-8
In solids, the atoms or molecules are closely
locked in position and can only vibrate. In
liquids, they have higher energy, are more
loosely connected, and can slide past one
another; some molecules may get enough
energy to escape into a gas. In gases, the
atoms or molecules have still more energy and
are free of one another except during
occasional collisions. 4D/M3cd

Atoms and molecules are
perpetually in motion. Increased
temperature means greater
average energy of motion, so
most substances expand when
heated. 4D/M3ab

In plasmas, sufficient energy is provided to free
electrons from atoms or molecules. 1Helio/M7

Energy appears in different
forms and can be transformed
within a system. Motion energy
is associated with the speed of
an object. Thermal energy is
associated with the temperature
of an object. 4E/M4abc

Atoms may link together in
well-defined molecules, or may
be packed together in crystal
patterns. Different
arrangements of atoms into
groups compose all substances
and determine the
characteristic properties of
substances. 4D/M1cd

Most substances can exist as a
solid, liquid, gas, or plasma
depending on temperature. 4D/
M8 (text addition)

All matter is made up of atoms,
which are far too small to see
directly through a microscope.
4D/M1a

3-5

Collections of pieces (powders,
marbles, sugar cubes, or
wooden blocks) may have
properties that the individual
pieces do not. 4D/E7

Heating and cooling can cause
changes in the properties of
materials... 4D/E1a

When liquid water disappears, it
turns into a gas (vapor) in the air
and can reappear as a liquid when
cooled, or as a solid if cooled below
the freezing point of water. Clouds
and fog are made of tiny droplets or
frozen crystals of water. 4B/E3

Air is a material that
surrounds us and takes
up space... 4B/E4

K-2
Things can be done to materials to
change some of their properties,
but not all materials respond the
same way to what is done to them.
4D/P2

Water left in an open container
disappears, but water in a closed
container does not disappear. 4B/
P3

heat energy

emergent
properties
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Water can be a liquid or a solid and
can go back and forth from one
form to the other. If water is turned
into ice and then the ice is allowed
to melt, the amount of water is the
same as it was before freezing. 4B/
P2

changes of state

The Physical Setting: Energy Transformations (4E)
Higher Education

The Sun's magnetic field arises from
electric currents in its convective
zone. These electric currents are
generated by bulk motions (i.e.,
differential rotation and convective
flows) of plasma in the convective
zone. 1Helio/HE3

Plasma processes accelerate and
transport particles throughout the
Sun. 1Helio/HE1

9-12

The Sun's atmosphere
blows out into the Solar
System as a stream of
charged particles called the
“solar wind.” (Helio/H15

The corona is the outer atmosphere
of the Sun. It emits energy primarily
as ultraviolet light and is hotter than
the chromosphere. 1Helio/H14

The chromosphere is a
glowing shell of matter
between the photosphere
and corona. It emits energy
primarily as ultraviolet light
and is hotter than the
photosphere. 1Helio/H13

Energy moves outward
through the convection zone
through “convection”: the
rising of hot matter that cools
and falls, heats up and rises
again. 1Helio/H11

Nuclear fusion releases great
amounts of energy in the
Sun's core. 1Helio/H8

The photosphere is a glowing shell of
matter at the outer layer of the
convection zone. It emits energy
primarily as visible light. 1Helio/H12

Energy moves outward through the
radiative zone by way of
electromagnetic radiation colliding
with matter. 1Helio/H10

Energy released by the Sun
from its core moves outward.
1Helio/H9

Energy appears in different
forms and can be transformed
and transported within the
Sun's system. 1Helio/H1,
2Helio/H14

Many forms of energy can be
considered to be either kinetic
energy, which is the energy of
motion, or potential energy,
which depends on the separation
between mutually attracting or
repelling objects. 4E/H9

Energy is released whenever the nuclei
of very heavy atoms, such as uranium
or plutonium, split into middleweight
ones, or when very light nuclei, such as
those of hydrogen and helium, combine
into heavier ones. For a given quantity
of a substance, the energy released in
a nuclear reaction is very much greater
than the energy given off in a chemical
reaction. 4E/H6

Chemical energy is
associated with the
configuration of atoms in
molecules that make up a
substance. Some changes of
configuration require a net
input of energy whereas
others cause a net release.
4E/H4

The Sun has six major regions:
the core, radiative zone,
convective zone, photosphere,
chromosphere, and corona. The
Sun's layered regions are marked
by changes in density, from the
highest density in the core to the
lowest density in the corona.
1Helio/H7

If no energy is transferred into or
out of a system, the total energy of
all the different forms in the system
will not change, no matter what
gradual or violent changes actually
occur within the system. 4E/H10

As energy spreads out, whether
by conduction, convection, or
radiation, the total amount of
energy stays the same. However,
since it is spread out, less can be
done with it. 4E/H3

Although the various forms of
energy appear very different, each
can be measured in a way that
makes it possible to keep track of
how much of one form is
converted into another. Whenever
the amount of energy in one place
diminishes, the amount in other
places or forms increases by the
same amount. 4E/H1

In any system of atoms or
molecules, the statistical odds
are that the atoms or molecules
will end up with less order than
they originally had and that the
thermal energy will be spread
out more evenly. The amount of
order in a system may stay the
same or increase, but only if the
surrounding environment
becomes even less ordered. The
total amount of order in the
universe always tends to
decrease. 4E/H2

Thermal energy in a system is
associated with the disordered
motions of its atoms or molecules.
Gravitational energy is associated
with the separation of mutually
attracting masses. Electrical potential
energy is associated with the
separation of mutually attracting or
repelling charges. 4E/H7

In a fluid, regions that have
different temperatures have
different densities. The action of
a gravitational force on regions of
different densities causes them
to rise or fall, creating currents
that contribute to the transfer of
energy. 4E/H8

6-8
Whenever energy appears in one
place, it must have disappeared
from another. Whenever energy is
lost from somewhere, it must have
gone somewhere else. Sometimes
when energy appears to be lost, it
actually has been transferred to a
system that is so large that the
effect of the transferred energy is
imperceptible. 4E/M1

Energy appears in different forms and can
be transformed within a system. Motion
energy is associated with the speed of an
object. Thermal energy is associated with
the temperature of an object. Gravitational
energy is associated with the height of an
object above a reference point. Elastic
energy is associated with the stretching or
compressing of an elastic object.
Chemical energy is associated with the
composition of a substance. Electrical
energy is associated with an electric
current in a circuit. Light energy is
associated with the frequency of
electromagnetic waves. 4E/M4

Transformations and transfers of
energy within a system usually
result in some energy escaping
into its surrounding environment.
Some systems transfer less
energy to their environment than
others during these
transformations and transfers. 8C/
M1

Energy in solar processes moves and
changes form. 1Helio/M3, 2Helio/M6
Energy can be transferred from one
system to another (or from a system to its
environment) in different ways: 1)
thermally, when a warmer object is in
contact with a cooler one; 2)
mechanically, when two objects push or
pull on each other over a distance; 3)
electrically, when an electrical source
such as a battery or generator is
connected in a complete circuit to an
electrical device; or 4) by electromagnetic
waves. 4E/M2

Materials vary in how
they respond to electric
currents, magnetic
forces, and visible light
or other electromagnetic
waves. 4D/M9

3-5

Thermal energy is transferred through a
material by the collisions of atoms within
the material. Over time, the thermal energy
tends to spread out through a material and
from one material to another if they are in
contact. Thermal energy can also be
transferred by means of currents in air,
water, or other fluids. In addition, some
thermal energy in all materials is
transformed into light energy and radiated
into the environment by electromagnetic
waves; that light energy can be
transformed back into thermal energy when
the electromagnetic waves strike another
material. As a result, a material tends to
cool down unless some other form of
energy is converted to thermal energy in
the material. 4E/M3

There are a great variety of
electromagnetic waves: radio
waves, microwaves, infrared
waves, visible light, ultraviolet rays,
X-rays, and gamma rays. These
wavelengths vary from radio
waves, the longest, to gamma
rays, the shortest. 4F/M8

Light and other electromagnetic
waves can warm objects. How
much an object's temperature
increases depends on how
intense the light striking its
surface is, how long the light
shines on the object, and how
much of the light is absorbed. 4E/
M6

The Sun gives off energies in the
full range of the electromagnetic
spectrum. The Sun emits different
amounts of these energies
depending on wavelength. Most of
the radiation that the Sun emits is
in the form of visible light. 1Helio/
M6, 2Helio/M1

The Sun produces
energy. 1Helio/E1,
2Helio/E1

When warmer things are
put with cooler ones, heat
is transferred from the
warmer ones to the cooler
ones. 4E/E2b

When two objects are rubbed
against each other, they both
get warmer. In addition, may
mechanical and electrical
devices get warmer when
they are used. 4E/E1

When warmer things are put
with cooler ones, the warmer
things get cooler and the
cooler things get warmer until
they are all the same
temperature. 4E/E2a

A warmer object
can warm a cooler
one by contact or
at a distance. 4E/
E2c

K-2
The Sun gives off light.
1Helio/P1, 2Helio/P1

People can keep track of
some things, seeing where
they come from and where
they go. 11C/P2

conservation

forms of energy
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The sun warms the
land, air, and
water. 4E/P1

dissipation

The Physical Setting: Waves (4F)

9-12
The observed wavelength of a
wave depends upon the relative
motion of the source and the
observer. If either is moving toward
the other, the observed wavelength
is shorter; if either is moving away,
the wavelength is longer. 4F/H5ab

When electrically charged
objects undergo a change in
motion, they produce
electromagnetic waves
around them...In empty
space, all electromagnetic
waves move at the same
speed—the "speed of light."
4F/H3ac

Waves can superpose on
one another, bend around
corners, reflect off
surfaces, be absorbed by
materials they enter, and
change direction when
entering a new material.
All these effects vary with
wavelength. 4F/H6ab

All motion is relative to whatever
frame of reference is chosen, for
there is no motionless frame
from which to judge all motion.
4F/H2

Cyclic change is commonly found
when there are feedback effects in a
system—as, for example, when a
change in any direction gives rise to
forces or influences that oppose the
change. 11C/H5

The energy of waves (like any form
of energy) can be changed into
other forms of energy. 4F/H6c

6-8

Some of the Sun's radiation is helpful
to humans and some can be harmful.
We can develop and use various
materials as shields for the
wavelengths that are harmful.
Elements of the Earth's atmosphere
form a shield against some of this
radiation, as well. (related to Space
Science Sequence for Grades 6-8
concepts) (3Helio/M3)

There are a great variety of
electromagnetic waves: radio waves,
microwaves, infrared waves, visible light,
ultraviolet rays, X-rays, and gamma rays.
These wavelengths vary from radio
waves, the longest, to gamma rays, the
shortest. 4F/M8

Human eyes respond to only a
narrow range of wavelengths of
electromagnetic waves-visible light.
Differences of wavelength within
that range are perceived as
differences of color. 4F/M5

Light from the sun is made up of a
mixture of many different colors of
light, even though to the eye the
light looks white. (related to 4F/M1)

The Sun gives off energies in the full
range of the electromagnetic spectrum.
The Sun emits different amounts of these
energies depending on wavelength. Most
of the radiation that the Sun emits is in the
form of visible light. 1Helio/M6, 2Helio/M1
Wave behavior can be described in
terms of how fast the disturbance
spreads, and in terms of the distance
between successive peaks of the
disturbance (the wavelength). 4F/M7

Something can be "seen"
when light waves emitted or
reflected by it enter the
eye—just as something can be
"heard" when sound waves
from it enter the ear. 4F/M2

Light acts like a wave in many
ways. And waves can explain how
light behaves. 4F/M6
Vibrations in materials set up
wavelike disturbances that spread
away from the source. Sound and
earthquake waves are examples.
These and other waves move at
different speeds in different
materials. 4F/M4

3-5
Light travels and tends to maintain its
direction of motion until it interacts
with an object or material. Light can
be absorbed, redirected, bounced
back, or allowed to pass through.
4F/E3

One way to think about something is
to compare it to something more
familiar. 9E/E1

How fast things move differs
greatly. 4F/E2a

K-2
Things that make sound
vibrate. 4F/P3

Things move in many
different ways, such as
straight, zigzag, round and
round, back and forth, and
fast and slow. 4F/P1

wave motion

light
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vibrations

The Physical Setting: Electricity and Magnetism (4G)
Higher Education

The Sun's magnetic field arises from
electric currents in its convective
zone. These electric currents are
generated by bulk motions (i.e.,
differential rotation and convective
flows) of plasma in the convective
zone. 1Helio/HE3

Magnetic reconnection is revealed in
solar flares and coronal mass
ejections. 1Helio/HE2

Interactions between ionized and
neutral gas particles connect the
upper atmospheres of planets to
their ionospheres. 3Helio/HE1

During the daytime, X-rays and
extreme ultraviolet rays from the Sun
and galactic cosmic rays ionize
Earth's upper atmosphere, creating
Earth's ionosphere; the largest
daytime contribution is from highenergy electromagnetic radiation from
the Sun. At night, only cosmic rays
ionize Earth's upper atmosphere to
create the ionosphere. 3Helio/H3

9-12
Semiconducting materials differ
greatly in how well they conduct
electrons, depending on the
exact composition of the material.
4G/H4d

Electric forces acting within and between
atoms are vastly stronger than the
gravitational forces acting between the
atoms. At larger scales, gravitational
forces accumulate to produce a large and
noticeable effect, whereas electric forces
tend to cancel each other out. 4G/H2a

In many conducting materials, such as
metals, some of the electrons are not
firmly held by the nuclei of the atoms
that make up the material. In these
materials, applied electric forces can
cause the electrons to move through
the material, producing an electric
current. In insulating materials, such
as glass, the electrons are held more
firmly, making it nearly impossible to
produce an electric current in those
materials. 4G/H4ab

Electric forces hold solid and
liquid materials together and act
between objects when they are
in contact—as in sticking or
sliding friction. 4G/H2c

The nuclear forces that hold the protons
and neutrons in the nucleus of an atom
together are much stronger than the
electric forces between the protons and
electrons of the atom. That is why much
greater amounts of energy are released
from nuclear reactions than from chemical
reactions. 4G/H6

At the atomic level,
electric forces between
electrons and protons
in atoms hold
molecules together
and thus are involved
in all chemical
reactions. 4G/H2b

At very low temperatures,
some materials become
superconductors and offer
no resistance to the flow of
electrons. 4G/H4c

Most materials have equal numbers of
protons and electrons and are
therefore electrically neutral. In most
cases, a material acquires a negative
charge by gaining electrons and
acquires a positive charge by losing
electrons. Even a tiny imbalance in the
number of protons and electrons in an
object can produce noticeable electric
forces on other objects. 4G/H3

Earth's magnetic field is
important to life on our
planet. 3Helio/H1

Electric currents in the
earth's interior give the
earth an extensive
magnetic field, which we
detect from the
orientation of compass
needles. 4G/H7

Strong, dynamic magnetic fields on
the Sun cause sunspots, solar flares,
prominences, and coronal mass
ejections ( CMEs). 1Helio/H2, 2Helio/
H16

Magnetic forces are very closely
related to electric forces and are
thought of as different aspects of
a single electromagnetic force.
Moving electrically charged
objects produces magnetic
forces and moving magnets
produces electric forces. 4G/
H5ab

Atoms are made of a positively charged
nucleus surrounded by negatively
charged electrons. The nucleus is a tiny
fraction of the volume of an atom but
makes up almost all of its mass. The
nucleus is composed of protons and
neutrons which have roughly the same
mass but differ in that protons are
positively charged while neutrons have
no electric charge. 4D/H1

Variable features of the Sun include
sunspots, solar flares, prominences,
and coronal mass ejections CMEs).
(
1Helio/H4

The interplay of electric and
magnetic forces is the basis for
many modern technologies,
including electric motors,
generators, and devices that
produce or receive
electromagnetic waves. 4G/H5c

The motion of electrons is
far more affected by
electrical forces than
protons are because
electrons are much less
massive and are outside
of the nucleus. 4G/H8

Earth's space environment
(ionosphere, upper atmosphere, and
magnetosphere) changes with time,
and understanding those changes
helps us ease any negative effects
those changes might have on Earthbased and space-based systems.
3Helio/H2

Space explorers, both human
and robotic, encounter extreme
environments and need to be
able to adapt to them. 3Helio/H4

When electrically charged
objects undergo a change in
motion, they produce
electromagnetic waves
around them. 4F/H3a

The change in motion (direction or
speed) of an object is proportional to
the applied force and inversely
proportional to the mass. 4F/H1

The best way to protect against space
weather hazards is to accurately
predict them so that we can determine
what precautions need to be taken.
Prediction of space weather helps to
protect human space exploration,
technological assets, communications
systems, and Earth-based power
systems. 3Helio/M5

6-8
Electrical circuits require
a complete loop through
which an electrical current
can pass. 4G/M4

The Sun periodically
sends out bursts of
charged particles and
electromagnetic energy.
2Helio/M9

Space weather is the interaction of
matter and energy from the Sun with
magnetic fields such as Earth's.
3Helio/M4

The Sun has dark spots,
called "sunspots."
Sunspots are slighty
cooler regions on the
Sun's surface. (related to
10A/M2)

The Sun has layers.
1Helio/M5
Matter is made of tiny particles that
can have positive charge, negative
charge, or no charge at all. The
positive and negative charged
particles react to electric and
magnetic fields. (1Helio/M8, 2Helio/
M8)

The sun emits a stream
of charged particles
called the solar wind.
2Helio/M4

Charged particles are tiny
bits that react to magnetic
fields. They can be
positively charged,
negatively charged, or
have no charge at all.
1Helio/M8, 2Helio/M8
A charged object can be charged in
one of two ways, which we call
either positively charged or
negatively charged. Two objects
that are charged in the same
manner exert a force of repulsion on
each other, while oppositely
charged objects exert a force of
attraction on each other. 4G/M5

Materials vary in how
they respond to
electric currents,
magnetic forces, and
visible light or other
electromagnetic
waves. 4D/M9

An unbalanced force acting
on an object changes its
speed or direction of motion,
or both. 4F/M3a

3-5
The Sun has dark
spots. (1Helio/E3)

Changes in speed or direction of
motion are caused by forces.
4F/E1a

Without touching them, a
magnet pulls on all things
made of iron and either
pushes or pulls on other
magnets. 4G/E2

Without touching them, an object
that has been electrically charged
pulls on all other uncharged
objects and may either push or pull
other charged objects. 4G/E3

K-2

The way to change how
something is moving is to give it
a push or a pull. 4F/P2

effects at the atomic level

electric currents

electric charge
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Magnets can be used to make
some things move without
being touched. 4G/P2
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electromagnetism

The Physical Setting: Gravity (4G)

9-12

Gravitational force is an attraction
between masses. The strength of the
force is proportional to the masses
and weakens rapidly with increasing
distance between them. 4G/H1

6-8
The sun's gravitational pull holds the
earth and other planets in their orbits...
related to 4G/M2

Every object exerts gravitational force on
every other object. The force depends on
how much mass the objects have and on
how far apart they are. The force is hard
to detect unless at least one of the
objects has a lot of mass. 4G/M1

If a force acts towards a single
center, the object's path may curve
into an orbit around the center. 4F/
M3b

Because every object is moving
relative to some other object, no
object has a unique claim to be at
rest. Therefore, the idea of
absolute motion or rest is
misleading. 10A/M1

Everything on or anywhere near the
earth is pulled toward the earth's
center by gravitational force. 4B/M3
An unbalanced force acting on
an object changes its speed or
direction of motion, or both.
4F/M3a

3-5
The earth is one of several planets that
orbit the sun, and the moon orbits around
the earth. 4A/E4
People cannot determine
how the solar system is put
together just by looking at it.
(BSL essay, p. 67)

Changes in speed or
direction of motion are
caused by forces. 4F/E1a

Earth orbits the sun once a year. 1Helio/
E4, 3Helio/E1

The rotation of the earth on its axis every
24 hours produces the night-and-day
cycle. To people on earth, this turning of
the planet makes it seem as though the
sun orbits the earth once a day. (related to
4B/E2bc)

The earth is approximately spherical
in shape. Like the earth, the sun and
planets are spheres. 4B/E2a

The earth's gravity pulls any object
on or near the earth toward it
without touching it. 4G/E1

The patterns of stars in the sky
stay the same, although they
appear to move across the sky
nightly, and different stars can be
seen in different seasons. 4A/E1

K-2
Circles, squares, triangles, spheres,
cubes, cylinders and other shapes
can be observed in things found in
nature and in things that people
build. 9C/P1

We can only see the Sun in the
daytime. The Sun appears to
move slowly across the sky
during the day. (related to 4A/P2)

relative motion

Things near the earth fall to the
ground unless something holds
them up. 4G/P1

the earth's gravity

observations of the sky
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The way to change how
something is moving is to give it
a push or a pull. 4F/P2

forces and motion

The Living Environment: Flow of Energy in Ecosystems (5E)
9-12
The chemical elements that make up
the molecules of living things pass
through food webs and are combined
and recombined in different ways. At
each link in a food web, some energy is
stored in newly made structures but
much is dissipated into the
environment. Continual input of energy
from sunlight keeps the process going.
5E/H3
Chemical energy is associated with
the configuration of atoms in
molecules that make up a substance.
Some changes of configuration
require a net input of energy whereas
others cause a net release. 4E/H4

Food provides molecules that
serve as fuel and building
material for all organisms. 5E/
M1a

Almost all food energy comes
originally from sunlight. 5E/M3c

6-8

Atoms may link together in welldefined molecules, or may be
packed together in crystal patterns.
Different arrangements of atoms
into groups compose all
substances and determine the
characteristic properties of
substances. 4D/M1cd
Organisms that eat plants break
down the plant structures to
produce the materials and energy
they need to survive. Then they are
consumed by other organisms. 5E/
M1de

Organisms get energy from
oxidizing their food, releasing
some of its energy as thermal
energy. 5E/M3b

An important kind of reaction
between substances involves the
combination of oxygen with
something else—as in burning or
rusting. 4D/M6b

Plants use the energy from light
to make sugars from carbon
dioxide and water. 5E/M1b

Energy appears in different forms and can
be transformed within a system. Motion
energy is associated with the speed of an
object. Thermal energy is associated with
the temperature of an object. Gravitational
energy is associated with the height of an
object above a reference point. Elastic
energy is associated with the stretching or
compressing of an elastic object.
Chemical energy is associated with the
composition of a substance. Electrical
energy is associated with an electric
current in a circuit. Light energy is
associated with the frequency of
electromagnetic waves. 4E/M4

All organisms, both land-based and
aquatic, are interconnected by their
need for food. This network of
interconnections is referred to as a
food web. The entire earth can be
considered a single global food
web, and food webs can also be
described for a particular
environment. At the base of any
food web are organisms that make
their own food, followed by the
animals that eat them, then the
animals that eat those animals, and
so forth. 5D/M4

Energy can change from one
form to another in living things.
5E/M3a

Plants can use the food they
make immediately or store it for
later use. 5E/M1c
One of the most general
distinctions among organisms is
between plants, which use sunlight
to make their own food, and
animals, which consume energyrich foods. 5A/M1a
Plants, animals and
human beings need the
Sun in order to live.
3Helio/M1

3-5
Almost all kinds of animals' food
can be traced back to plants.
5E/E1
From food, people obtain fuel
and materials for body repair
and growth. 6C/E1a

Some source of "energy" is
needed for all organisms to stay
alive and grow. 5E/E2

K-2

Plants and animals both need to
take in water, and animals need
to take in food. In addition,
plants need light. 5E/P1

Most living things need water,
food, and air. 5C/P2

energy in living things

plants making food
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Animals eat plants or other
animals for food. 5D/P1

food web

The Designed World: Energy Resources (8C)
9-12
Decisions to slow the
depletion of energy resources
can be made at many levels,
from personal to national, and
they always involve trade-offs
involving economic costs and
social values. 8C/H5

During any transformation of
energy, there is inevitably some
dissipation of energy into the
environment. In this practical
sense, energy gets "used up,"
even though it is still around
somewhere. 8C/H7

Sunlight is the ultimate source
of most of the energy we use.
The energy in fossil fuels such
as oil and coal comes from
energy that plants captured
from the sun long ago. 8C/H8

A central factor in technological
change has been how hot a
fire could be made. The
discovery of new fuels, the
design of better ovens and
furnaces, and the forced
delivery of air or pure oxygen
have progressively increased
the maximum possible
temperature. 8C/H1ab

At times, environmental
conditions are such that land
and marine organisms
reproduce and grow faster than
they die and decompose to
simple carbon containing
molecules that are returned to
the environment. Over time,
layers of energy-rich organic
material inside the earth have
been chemically changed into
great coal beds and oil pools.
5E/H1

Industrialization brings an
increased demand for and use of
energy. Such usage contributes
to having many more goods and
services in the industrially
developing nations but also leads
to more rapid depletion of the
earth's energy resources and to
environmental risks associated
with some energy resources. 8C/
H4

The useful energy output of a
device—that is, what energy is
available for further change—is
always less than the energy
input, with the difference usually
appearing as thermal energy.
One goal in the design of such
devices is to make them as
efficient as possible—that is, to
maximize the useful output for a
given input. 8C/H6

When selecting fuels, it is
important to consider the
relative advantages and
disadvantages of each fuel.
8C/H2

6-8
Transformations and transfers of
energy within a system usually
result in some energy escaping into
its surrounding environment. Some
systems transfer less energy to their
environment than others during
these transformations and transfers.
8C/M1
Some resources are not
renewable or renew very slowly.
Fuels already accumulated in the
earth, for instance, will become
more difficult to obtain as the
most readily available resources
run out. How long the resources
will last, however, is difficult to
predict. The ultimate limit may be
the prohibitive cost of obtaining
them. 8C/M10

Nuclear reactions release
energy without the combustion
products of burning fuels, but
the radioactivity of fuels and
their by-products poses other
risks. 8C/H3

Different ways of obtaining,
transforming, and distributing
energy have different
environmental
consequences. 8C/M2

People have invented
ingenious ways of
deliberately bringing about
energy transformations that
are useful to them. 8C/M8

By burning fuels, people are
releasing large amounts of
carbon dioxide into the
atmosphere and transforming
chemical energy into thermal
energy which spreads
throughout the environment. 8C/
M11

Industry, transportation, urban
development, agriculture, and
most other human activities
are closely tied to the amount
and kind of energy available.
People in different parts of the
world have different amounts
and kinds of energy resources
to use and use them for
different purposes. 8C/M6

Electrical energy can be
generated from sunlight, and
can be transformed into
almost any other form of
energy. related to 8C/M4
Energy from the sun is
available indefinitely.
related to 8C/M5

Energy resources are more
useful if they are
concentrated and easy to
transport. 8C/M9

Energy is required for
technological processes such
as taking apart, putting
together, moving around, and
communicating. 8C/M7

In many instances,
manufacturing and other
technological activities are
performed at a site close to an
energy resource. Some forms
of energy are transported
easily, others are not. 8C/M3

3-5
Sunlight is used to run many
devices. 8C/E2
When two objects are rubbed
against each other, they both
get warmer. In addition, many
mechanical and electrical
devices get warmer when
they are used. 4E/E1

Moving air and water can be
used to run machines. 8C/E1

Some people try to reduce
the amount of fuels they use
in order to conserve
resources, reduce pollution,
or save money. 8C/E4

K-2
People burn fuels such as
wood, oil, coal, or natural
gas, or use electricity, to cook
their food and warm their
houses. 8C/P2

The sun warms the land, air
and water. 4E/P1

efficient use

resources
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societal and environmental implications

Common Themes: Patterns of Change (11C)

9-12
The present arises from the
conditions of the past and, in
turn, affects what is possible in
the future. 11C/H6

It is not always easy to recognize
meaningful patterns of change in a
set of data. Data that appear to be
completely irregular may be shown
by statistical analysis to have
underlying trends or cycles. On the
other hand, trends or cycles that
appear in data may sometimes be
shown by statistical analysis to be
easily explainable as being
attributable only to randomness or
coincidence. 11C/H9

The precise future of a system is not
completely determined by its present
state and circumstances but also
depends on the fundamentally
uncertain outcomes of events on the
atomic scale. 11C/H7b

Most systems above the molecular
level involve so many parts that it is
not practical to determine the existing
conditions, and thus the precise
behavior of every part of the system
cannot be predicted. 11C/H7a

Electromagnetic processes on the Sun
occur on a variety of time scales: flares
in minutes, CMEs in hours, one solar
rotation in about 27 days, sunspot cycle
of 11 years, and the solar magnetic
activity cycle of approximately 22 years.
1Helio/H3

Trends that follow a pattern that can be
described mathematically can be used
to estimate how long a process has
been going on. 11C/H8

Graphs and equations are useful
(and often equivalent) ways for
depicting and analyzing patterns
of change. 11C/H4

Cyclic change is commonly
found when there are
feedback effects in a
system—as, for example,
when a change in any
direction gives rise to forces
or influences that oppose
the change. 11C/H5

6-8
Small differences in how things start out
can sometimes produce large
differences in how they end up. Some
events are so sensitive to small
differences in initial conditions that their
outcomes cannot be predicted. 11C/M9

Trends based on what has
happened in the past can be
used to make predictions about
what things will be like in the
future. However, these
predictions may not always
match what actually happens.
11C/M10

Cyclic patterns evident in past events
can be used to make predictions
about future events. However, these
predictions may not always match
what actually happens. 11C/M7

Symbolic equations can be used
to summarize how the quantity
of something changes over time
or in response to other changes.
11C/M4

Cycles, such as the seasons or body
temperature, can be described by
what their cycle length or frequency is,
what their highest and lowest values
are, and when these values occur.
Different cycles range from many
years down to a fraction of a second.
11C/M6

The way some systems behave is
so erratic that patterns of change
are not apparent. 11C/M9

3-5

The graphic display of numbers may help
to show patterns such as trends, varying
rates of change, gaps, or clusters that are
useful when making predictions about the
phenomena being graphed. 9C/M4

Some things in nature have a
repeating pattern, such as the
day-night cycle, the phases of
the moon, and seasons. Sunspot
activity goes through an 11-year
cycle. Sometimes there are more
sunspots, and sometimes fewer
or none. (related to 11C/E4)

Some things, such as a
person's age, change in
only one direction. 11C/E3

Sunspots last from
days to weeks.
1Helio/M4
Things change in steady,
repetitive, or erratic ways—or
sometimes in more than one way
at the same time. 11C/E2a

Graphical display of quantities may
make it possible to spot patterns that
are not otherwise obvious, such as
cycles and trends. 9C/E3

Often the best way to tell
which kinds of change are
happening is to make a table
or graph of measurements.
11C/E2b

The Sun changes. 1Helio/E2

K-2
Some things change so slowly
or so quickly that the changes
are hard to notice while they are
taking place. 11C/P4

Objects change in some
ways and stay the same in
some ways. 11C/P1

People can keep track of some things,
seeing where they come from and
where they go. 11C/P2

An object can change in
various ways, such as in
size, weight, color, or
temperature. 11C/P3a

directional change

predicting change

KEY

cyclic change

concept important to Heliophysics
AAAS Benchmark (full or partial) that is important to Heliophysics
concept that is not important to Heliophysics

(related to AAAS Benchmark...) portion of text from a AAAS benchmark. Generally, the remaining text does
not involve heliophysics in some way or the Benchmark was slightly
rewritten to better reflect the necessary heliophysics concept and/or
updated content.
(4F/M8) coding system used for AAAS Benchmarks (4F/M8 is an example)
(1Helio/E1)

Small changes can sometimes
be detected by comparing
counts or measurements at
different times. 11C/P3b

coding system used for Heliophysics concept written especially for this miniAtlas

monitoring change

The Effects of Solar Variability
The existence of charged particles
causes plasma to generate, and be
affected by, magnetic fields. This can
cause extremely complex dynamics.
2Helio/HE4

Higher Education
The creation and variability
of magnetic dynamos drive
the dynamics of solar and
stellar environments.
2Helio/HE2
Aurorae go through
substorm and storm
cycles. 2Helio/HE1

Plasma processes
accelerate and
transport particles
throughout the
Sun and the solar
system. 2Helio/
HE3

Under certain circumstances,
plasmas cannot cross
magnetic ﬁeld lines, though
they can slide along them like
beads on an elastic string. As
a result, a strong plasma can
bend weak magnetic ﬁelds,
and strong magnetic ﬁelds
can hold back weak plasmas.
(2Helio/H19)

9-12
The solar wind
affects the shape of
magnetospheres.
2Helio/H18

Earth's atmosphere and
magnetosphere shield our
planet from solar particles
and some electromagnetic
radiation. 2Helio/H9

The energy that
powers auroras
comes from the solar
wind. 2Helio/H11

Variable features of the Sun include
sunspots, solar flares, prominences,
and coronal mass ejections (CMEs).
1Helio/H4
These processes occur on a variety of
time scales, from minutes to years.
2Helio/H15

Worlds without a conducting liquid
core (e.g. Mercury, Venus, our
Moon, and Mars) do not have
large-scale magnetic fields. Only
local regions on their surfaces are
partially protected from the solar
wind by magnetic fields in their
crustal rocks. 2Helio/H7

The solar wind creates
the plasma tails of
comets. (2Helio/H4)

Some worlds in the solar system
have magnetospheres, some
have atmospheres, and a few,
such as Earth, have both. Many
have neither. They all interact
with charged particles and energy
from the Sun in a variety of ways.
2Helio/H2

Sunspots, solar flares, prominences,
and coronal mass ejections (CMEs)
are due to strong, dynamic magnetic
fields on the Sun. 2Helio/H16

The solar wind strips away
the atmospheres of some
planets without large-scale
magnetospheres. 2Helio/
H8

The giant planets
(Jupiter, Saturn,
Uranus, Neptune) all
have very strong
magnetic fields that
interact intensely with
the solar wind.
2Helio/H6

Solar storms interacting with
Earth's magnetosphere
cause temporary
disturbances in Earth's
magnetosphere. These
disturbances are called
"geomagnetic storms."
2Helio/H5

Auroras are caused by
a current of charged
particles that are
accelerated by Earth's
magnetosphere. 2Helio/
H10

Plasma is the most
common state of matter in
the universe. All stars,
including our sun, are
made of plasma. 1Helio/
H17, 2Helio/H17

We use instruments on spacecraft
and ground-based instruments to
study the space environment. The
electromagnetic spectrum, particles,
and electromagnetic fields can be
observed using specialized
instruments, such as telescopes and
particle detectors. (related to 4A/H3)

The solar wind causes chemical
and electrical reactions on the
surfaces of worlds without
atmospheres or magnetospheres,
like the Moon or asteroids. More
energetic particles cause nuclear
changes. 2Helio/H3
Energy appears in different
forms and can be transformed
and transported within the
Sun's system. 1Helio/H1,
2Helio/H14

Electric currents in the
earth's interior give the
earth an extensive
magnetic field, which
we detect from the
orientation of compass
needles. 4G/H7

6-8

A magnetosphere is formed when
the solar wind interacts with and is
deflected by the magnetic field of a
planet or other body. 2Helio/H1

The solar wind blows a
bubble in the interstellar
matter surrounding the solar
system. Everything within the
boundaries caused by these
interactions is called the
"heliosphere." 2Helio/H12

The sun's magnetic
field extends to the far
reaches of the solar
system. 2Helio/H13

Auroras are caused
by effects from the
space environment.
2Helio/M7
The Sun has a
magnetic field.
2Helio/M5

The Sun periodically
sends out bursts of
charged particles and
electromagnetic energy.
2Helio/M9

The Earth's magnetic
field and atmosphere
shield us from many
harmful effects of the
space environment.
2Helio/M3
The sun emits a
stream of charged
particles called the
solar wind. 2Helio/M4

Energy in solar processes moves and
changes form. 1Helio/M3, 2Helio/M6
Energy can be transferred from one
system to another (or from a system to its
environment) in different ways: 1)
thermally, when a warmer object is in
contact with a cooler one; 2)
mechanically, when two objects push or
pull on each other over a distance; 3)
electrically, when an electrical source
such as a battery or generator is
connected in a complete circuit to an
electrical device; or 4) by electromagnetic
waves. 4E/M2

Only a tiny fraction of the
Sun's energy comes to
Earth. 2Helio/M2, 3Helio/M2

Matter is made of tiny
particles that can have
positive charge, negative
charge, or no charge at all.
The positive and negative
charged particles react to
electric and magnetic
fields. 1Helio/M8, 2Helio/
M8

There are a great variety of
electromagnetic waves: radio waves,
microwaves, infrared waves, visible
light, ultraviolet rays, X-rays, and
gamma rays. These wavelengths vary
from radio waves, the longest, to
gamma rays, the shortest. 4F/M8
The Sun gives off energies in the full
range of the electromagnetic
spectrum. The Sun emits different
amounts of these energies depending
on wavelength. Most of the radiation
that the Sun emits is in the form of
visible light. 1Helio/M6, 2Helio/M1

Human eyes respond to only a
narrow range of wavelengths of
electromagnetic waves-visible light.
Differences of wavelength within
that range are perceived as
differences of color. 4F/M5

Light from the sun is made up of a
mixture of many different colors of
light, even though to the eye the light
looks white. 4F/M1a

3-5
Without touching them, a
magnet pulls on all things
made of iron and either
pushes or pulls on other
magnets. 4G/E2

Light travels and tends to maintain its
direction of motion until it interacts with
an object or material. Light can be
absorbed, redirected, bounced back, or
allowed to pass through. 4F/E3

The Sun produces
energy. 1Helio/E1,
2Helio/E1

K-2
Magnets can be used to make
some things move without
being touched. 4G/P2

KEY

The Sun gives off light.
1Helio/P1, 2Helio/P1

concept important to Heliophysics
AAAS Benchmark (full or partial) that is important to Heliophysics
concept that is not important to Heliophysics

(related to AAAS Benchmark...) portion of text from a AAAS benchmark. Generally, the remaining text does
not involve heliophysics in some way or the Benchmark was slightly
rewritten to better reflect the necessary heliophysics concept and/or
updated content.
(4F/M8) coding system used for AAAS Benchmarks (4F/M8 is an example)
(1Helio/E1)

coding system used for Heliophysics concept written especially for this miniAtlas

Energy appears in different forms and can
be transformed within a system. Motion
energy is associated with the speed of an
object. Thermal energy is associated with
the temperature of an object. Gravitational
energy is associated with the height of an
object above a reference point. Elastic
energy is associated with the stretching or
compressing of an elastic object.
Chemical energy is associated with the
composition of a substance. Electrical
energy is associated with an electric
current in a circuit. Light energy is
associated with the frequency of
electromagnetic waves. 4E/M4

