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       Classroom Space                      Life on Mars?

           Teacher’s Guide


Searching for Signs of Life.

Background

One question we all ponder is whether or not we are alone in the Universe.  Mars is one of the places where we might find an answer.  Being the planet most similar to earth, Mars has water vapour and permafrost (water permanently frozen into the sub-surface).  At one time, it is thought that Mars had an abundance of flowing water on its surface.  It is these places where there is or was water that there is a possibility that life can exist.  When scientists go in search of life it is not necessarily a quest for large human-like beings or even life that can be seen with the naked eye.  Most scientists expect to find microscopic evidence, such as bacteria or fossilised bacteria.  The most recent search for life on Mars is centred on the Martian meteorite, ALH84001.  The meteorite, found in Antarctica, dates back to an early period on Mars when the conditions were much wetter and therefore more suitable for life.  Formations in the rock suggest that it may contain a fossilised form of bacteria (see Transparency – 1).

Scientists would like to study rock samples from areas that appear to be dried riverbeds.  Collecting and returning rock samples is a task for future Mars missions.  In the past, however, we have looked for life in the soil on Mars.  When Viking 1 and 2 landed on Mars in 1976, the landers analysed the Martian soil in search of carbon-based life.  Analysis of some soil samples seemed to indicate lifelike characteristics.  However, scientists did not find evidence of organic matter.  They did find unusual geochemistry which some believe was responsible for the lifelike characteristics.  The results from the Viking biology experiments are constantly being re-analysed.

Topic  

Soil analysis

Overview

Students begin by researching suitable criteria for defining the presence of life (student worksheet – 1).  They then analyse soil samples in tests similar to the experiments on the Mars Viking Lander.  They use their operational definition of life to determine whether there are any signs of life in three different soil samples.  Teams make observations, they draw pictures as they collect data from the samples, and draw conclusions.

Key Question

What characteristics must be observed to indicate that life is present?
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Key Ideas

The fundamental criteria for indicating life are metabolic processes, exchange of gases, reproduction, and continued reaction to stimuli.

National Curriculum Links 

Science Key Stage 3:
Scientific Enquiry 2c, f-h, k-p





Life Processes and Living Things 1e; 2d, j; 3a, e





Materials and their Properties 1e

Science Key Stage 4:
Scientific Enquiry 2c, f-h, m-s





Life Processes and Living Things 1e; 2e; 3a





Materials and their Properties 3k 





Physical Processes 4e

Materials and Preparation

Each group of students will need:

· Three baby food jars or beakers

· Warm water – enough to cover the top of the soil in all jars

· Beaker for distributing the water

· Water bath and thermometer – to keep all samples at 37oC

· Magnifying lens

· Goggles – 1 pair per student

· Access to dictionaries, encyclopaedias and the Internet

Materials for simulated Martian soil samples:

· Sand or sandy soil

· 5 ml of sugar (a solution of sugar in warm water will be added to all soil samples)

· Instant active dried yeast

· Alka-seltzer( tablets, crushed

Preparation of the soil samples:

· Label the set of jars for each team ‘A’, ‘B’ and ‘C’.

· Fill all jars ¼ full of soil.

· Mix half a sachet of instant active dried yeast into the soils in the jars labelled ‘B’.
· Mix one powdered Alka-seltzer( tablet into each of the jars labelled ‘C’.
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Management

This activity should take two to three lessons to complete.

Students must observe all safety procedures, including personal safety protection and safe handling of materials.

Part 1:Research

1. Divide students into groups of 3 or 4

2. Explain that each group will conduct research on the characteristics of living and non-living things in order to come up with criteria that indicate that life is present.

3. Provide dictionaries, science or biology books, encyclopaedias and access to the Internet. You could use the examples below to encourage students:

Examples: Consider a bear and a chair – they both have legs but one can move on its own and the other would need a motor made by humans; therefore, independent movement might be one characteristic that indicates life.  Not every living organism needs legs or roots, but they have a mode of locomotion or a way to get nutrients.  Also, the bear breathes and the chair does not, another indication of life.

Or consider a tree and a lamppost.  We know that a lamp post cannot reproduce; it is made by humans, and we know that the tree makes seeds that may produce more trees.  The tree also absorbs nutrients, gives off gases and grows.  The lamp uses electricity and gives off light through a strict energy exchange; there is no growth and there are no metabolic processes.

4. Let students share their research in their groups, encouraging them to consider examples from a diverse range of living things. Ask them to fill in student worksheet – 1 ‘What is Life?’  The ideas of the whole class can then be summarised on the board.

5. If students have difficulty developing their own criteria, the following ideas can be used for this activity:

· Metabolic processes that show chemical exchanges which may be detected in some sort of respiration

· Exchange of gases or solid materials

· Reproduction, replication or cell division

· Reaction to stimuli
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Part 2: Observations

1. Explain to the students that each team has a set of simulated Martian soil samples.  No one knows if there is anything alive in them.  The activity involves making careful observations to check for indications of living material in the soils – based on their criteria discussed in Part 1.
2. Give each group a cup of warm sugar solution (approximately 50oC so as not to kill the yeast.)

3. All samples should be kept in a water bath of 37oC.

Discussion

1. When the groups have finished analysing the soil samples and completed their worksheets, work through the answers to the questions with the whole class.

· Sample A shows no reaction, both B and C are chemical reactions.

· Sample C chemical reaction stops and does not respond to the second ‘feeding’ because the first ‘feeding’ used up all the reactants in the sample.

· Sample B sustains long term activity and reacted again to the second ‘feeding’ indicating life is present i.e. more food means more biological activity.
2. Tell the students that sample A was just soil, sample B contained yeast and sample C contained Alka-seltzer(.  Discuss how you might tell the difference between a non-living chemical change (Alka-seltzer() and a change due to a life process (growing yeast).

3. To show the presence of carbon dioxide as a product from sample B, you could demonstrate to class the effect of bubbling the gas through lime-water.  This is a positive test for CO2.

Further Activities

1. Get your students to find out about the controversial Mars meteorite ALH84001 (use Searching for Signs of Life Transparency).  Divide your class into two and have them debate the presence of fossilised life in the meteorite, half can support the idea of life, while the other half can disagree (a good website to use is http://jpl.nasa.gov/snc). 

2. Does all life require sunlight and oxygen?  Get the students to research life in underground caves, under the ice in Antarctica and at the bottom of the ocean around hydrothermal vents.  Each group can present a poster of one type of strange life form that they have studied (take a look at http://www.resa.net/nasa/onearth_extreme.htm).
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