OK here are some questions for you to focus your studying on.  The exam will contain a subset of the questions below. Many of these are “show how much you have learned” type questions, others do have particular answers. Because I am essentially giving you the exam questions before the exam, the written midterm on Monday will be closed notes and closed book!  

Have fun!

Biochemistry related questions. 

1. How many kinds of bonds can carbon make with other atoms?  Why is this  biologically significant? what is the term in  chemistry for the number of bonds an element typically makes?  (Hint: this word is etymologically linked to the word "valiant," because it describes how strong an element is in bravely conquering the puny  hydrogen atom; never mind that it's not a fair fight...)

2. Give one reason why silicon is often considered as a possible basis for life instead of carbon.  Then, give one reason (or more!) why silicon is less likely than carbon to play such a role.

3. Discuss some properties of water that make it an unusual and special chemical, and which make it so important for life.

4. Amino acids are the building blocks of proteins.  Below is a picture of the structure of an amino acid.  Briefly discuss the properties of the functional groups of the molecule (labeled below), including the R group (hint: how do they behave in water?).   Give a description (or draw a diagram) of how amino acids are joined to form peptide bonds. Keep in mind the role of the water molecule in the process of making proteins. 
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Other physics and chemistry questions.

1. H2 at room temperature has a fundamentally different spectrum from water vapor  (H2O) at room temperature. Explain why.  Sketch a plot or a diagram if you find this useful. Based on your understanding of what a spectrum tells us, which of these molecules do you think would make a better greenhouse gas, i.e. which one is better able to absorb infrared wavelength photons (as opposed to either optical or radio photons). 

2. consider an ice cube. You are now adding heat to it. Describe in as much detail as you can, what happens to the molecules and their constituent atoms and electrons as the temperature increases, starting from 100 K all the way up to 10,000 K.  

3. Explain how the second law of thermodynamics plays a role in dictating which direction a chemical reaction will go. Do the same for a phase change.  You can either describe in words, or give an example, or use equations, whichever works best for you.  

4. Blackbody radiation and Wien’s law. 
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The diagram above shows the blackbody curve of an object at some temperature T1.  If that object’s temperature is increased to T2, what would its blackbody curve look like?  What about if it were decreased to temperature T3. Draw and label these in the diagram above. 

What makes a blackbody a “black body”? (In other words, know the definition of a blackbody!)

5. Why is carbon-14 “unstable,” causing it to undergo radioactive decay? 

6. Briefly explain how carbon dioxide cycles through the atmosphere, oceans and crust of Earth. What went “wrong” in the past on Venus and Mars that caused them to look the way they do, today? 

7. Imagine a planet whose surface soil is black, but it has white daisies that grow all over it. (Neglect effects of sunlight variation with latitude, atmospheric influences, rainfall, cloudcover,  etc. There are no polar ice caps, either.)  The daisies like it warm: the warmer the planet, the faster they grow and reproduce. Discuss the fate of this planet: will it become covered with daises? Will they all die out because it is too cold? What other stable outcomes might there be? 

New and improved biology questions!  (
1. Describe the basic steps in the process by which the information stored as DNA is translated into making proteins. 

2. The evolutionary “invention” of metabolism that uses oxygen was a huge advantage to the first organism that developed this ability. Why is it such an advantage over other forms of metabolism? 

3. List as many things as you can that all life on Earth (us, plants, bacteria, mushrooms, etc.) have in common? Either things we do, things we need to survive, or properties that we all have. 

4. What does it mean to “fix” nitrogen, and what is the purpose of bacteria fixing nitrogen? why is this important?

5. In high school you may have learned about the 5 kingdoms of life: plants, animals, fungi, protists, and bacteria. Nowadays, genetic sequencing has shown that organisms fall into three broad domains of life. name these three, and discuss (or draw) where humans, cucumbers, mushrooms, and Yersinia pestis (the bacterium that causes the plague) would be found, relative to one another. 

6. What are the main differences between us (eukaryotes) and bacteria (prokaryotes)? 

7. Something really REALLY important happened about 540 million years ago, called the Cambrian Explosion. Discuss this event, including its probable cause(s) and its implication for living things today, particularly animals. 

8. Explain briefly the two hypotheses of the origin of modern eukaryotic cells. 

9. What are the three main requirements for any type of metabolism? According to that, how are organisms classified?

10. The hagfish and lamprey look a lot alike (ugly fish with weird mouths and no fins). But  a lamprey is genetically more related to us. What is it that we have in common with lampreys that hagfish do not have? What does this mean about the most recent common ancestor of us and lampreys compared to that of lampreys and hagfish? 

11. What is the most significant structure that evolved that allowed animals move to land from the water, i.e. for reptiles to develop from amphibians?

