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SOLAR ENERGY AND DISTANCE

OVERVIEW
The effect of distance from the Sun on planetary temperatures is explored using energy from a light

bulb to simulate solar energy.

CONCEPTS
• Planets and moons that are further from the Sun receive less solar energy (sunlight) than planets

and moons closer to the Sun.

MATERIALS
• 2 Thermometers
• 1 Desk lamp or flood lamp
• Meter stick

PREPARATION
Gather one set of materials together if done as classroom demonstration.  Create multiple sets of mate-

rials if done by students in groups.  Note that the light bulb can be several inches above the table, but the
light bulb should be over the 0 cm mark (discussed below).

PROCEDURE

Engagement
Ponder the question, “Which planets will receive the most solar energy (sunlight) and why?”

Activity
1. Lay the meter  stick on a table and place the lamp at the 0 centimeter end.  Leave the lamp off.
2. Place one thermometer 10 cm (4 in) from the lamp.  Place the second thermometer 100 cm (40

in) from the lamp.
3. Record the temperature of the two thermometers to the nearest tenth of a degree.
4. Turn the lamp on for ten minutes.  Record the temperatures of both thermometers after ten

minutes.

Table 1
Thermometer Placement

Starting Temperature After 10 Minutes
10 cm
100 cm

Explanation
The  light bulb converts electrical energy into light energy (including both visible light and infrared

“light.”)  The thermometers,  or any other object, absorb some of that light energy, which is in the process
of being converted to heat energy.  The thermometers measured increased temperatures due to that heat
energy.

Standards & Benchmarks
Science Standard  1,  Grades 3-5
  Knows that the Sun provides the light and heat necessary to maintain the temperature of Earth

Science Standard  1,  Grades 6-8
  Knows that the Sun is the principle energy source for phenomena on Earth's surface (e.g., winds, ocean currents, the water cycle, plant growth) 

Science Standard  1,  Grades 9-12
  Knows the major external and internal sources of energy on Earth (e.g., the Sun is the major external source of energy; the decay of radioactive isotopes and gravitational energy from Earth's original formation are primary sources of internal energy)

Science Standard  1,  Grades 9-12
  Knows how life is adapted to conditions on Earth (e.g., force of gravity that enables the planet to retain an adequate atmosphere, intensity of radiation from the Sun that allows water to cycle between liquid and vapor) 

Science Standard  3,  Grades 6-8
  Knows characteristics of our Sun and its position in the universe (e.g., the Sun is a medium-sized star; it is the closest star to Earth; it is the central and largest body in the Solar System; it is located at the edge of a disk-shaped galaxy)

Science Standard  3,  Grades 6-8
  Knows that the planet Earth and our Solar System appear to be somewhat unique, although similar systems might yet be discovered in the universe 

Science Standard  10,  Grades 3-5
  Knows that properties such as length, weight, temperature, and volume can be measured using appropriate tools (e.g., rulers, balances, thermometers, graduated cylinders)

Science Standard  11,  Grades K-2
  Knows that the Sun supplies heat and light to Earth

Science Standard  11,  Grades K-2
  Knows that electricity in circuits can produce light, heat, sound, and magnetic effects

Science Standard  11,  Grades 6-8
  Knows how the Sun acts as a major source of energy for changes on Earth's surface (i.e., the Sun loses energy by emitting light; some of this light is transferred to Earth in a range of wavelengths including visible light, infrared radiation, and ultraviolet radiation)

Science Standard  11,  Grades 6-8
  Knows that electrical circuits provide a means of transferring electrical energy to produce heat, light, sound, and chemical changes

Science Standard  11,  Grades 9-12
  Understands the relationship between heat and temperature (heat energy consists of the random motion and vibrations of atoms, molecules, and ions; the higher the temperature, the greater the atomic or molecular motion) 

Science Standard  12,  Grades 3-5
  Knows that light can be reflected, refracted, or absorbed 

Science Standard  12,  Grades 6-8
  Knows ways in which light interacts with matter (e.g., transmission, including refraction; absorption; scattering, including reflection) 

Science Standard  15,  Grades K-2
  Knows that learning can come from careful observations and simple experiments 

Science Standard  15,  Grades K-2
  Knows that tools (e.g., thermometers, magnifiers, rulers, balances) can be used to gather information and extend the senses

Science Standard  15,  Grades 3-5
  Plans and conducts simple investigations (e.g., makes systematic observations, conducts simple experiments to answer questions)

Science Standard  15,  Grades 3-5
  Uses simple equipment and tools to gather scientific data and extend the senses (e.g., rulers, thermometers, magnifiers, microscopes, calculators) 

Science Standard  15,  Grades 6-8
  Designs and conducts a scientific investigation (e.g., formulates questions, designs and executes investigations, interprets data, synthesizes evidence into explanations, proposes alternative explanations for observations, critiques explanations and procedures)

Science Standard  15,  Grades 6-8
  Uses appropriate tools (including computer hardware and software) and techniques to gather, analyze, and interpret scientific data

Science Standard  15,  Grades 6-8
  Establishes relationships based on evidence and logical argument (e.g., provides causes for effects)

Science Standard  15,  Grades 9-12
  Designs and conducts scientific investigations by formulating testable hypotheses, identifying and clarifying the method, controls, and variables; organizing and displaying data; revising methods and explanations; presenting the results; and receiving critical response from others

Science Standard  15,  Grades 9-12
  Uses technology (e.g., hand tools, measuring instruments, calculators, computers) and mathematics (e.g., measurement, formulas, charts, graphs) to perform accurate scientific investigations and communications

Standards & Benchmarks
Math Standard  4,  Grades K-2 
  Understands the basic measures length, width, height, weight, and temperature 

Math Standard  4,  Grades 3-5 
  Selects and uses appropriate tools for given measurement situations (e.g., rulers for length, measuring cups for capacity, protractors for angle) 

Math Standard  4,  Grades 3-5 
  Knows approximate size of basic standard units (e.g., centimeters, feet, grams) and relationships between them (e.g., between inches and feet) 

Math Standard  4,  Grades 6-8 
  Understands the concepts of precision and significant digits as they relate to measurement (e.g., how units indicate precision) 

Math Standard  4,  Grades 6-8 
  Selects and uses appropriate units and tools, depending on degree of accuracy required, to find measurements for real-world problems 
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The thermometer that was 10 cm away got hotter.  The thermometer that was 10 times further away
(100 cm) from the light bulb did not change temperature as much and therefore did not receive nearly as
much energy from the light bulb.  In the same way, planets that are further from the Sun receive less energy
and therefore are generally colder.  Additional factors, including atmospheric greenhouse effects, the pres-
ence of clouds, and surface structure and brightness, will also affect the actual temperature of a planet, but
the amount of solar energy reaching the planet is the most significant factor.  Earth has just the right
combination of factors--including distance from the Sun--to allow the presence of liquid water, which is
key to life as we know it.

EXTENSION
Saturn is approximately 10 times further from the Sun than Earth is from the Sun.  The temperature of

the cloud tops of Saturn is approximately -180°C (-292°F), so cold that ammonia will crystallize.  Com-
pare this to the coldest temperature recorded on Earth: -89.2°C (-128.6°F).  Based on this information, do
you think there is life on Saturn similar to that found on Earth?  Can you imagine what kind of life-forms,
if any, might be found on the surface of Saturn?  What about Saturn’s moons?

LINKS TO RELATED  CD ACTIVITIES , IMAGES, MOVIES

Activity Absorbing Light:  Dark versus Bright

VOCABULARY

greenhouse effect solar energy

SOURCE
Adapted from Janice VanCleave, 1991, Astronomy for Every Kid, 101 Easy Experiments that Really

Work. John Wiley and Sons Publisher, p.12-13.


