IST 2420: Atoms and Stars
Questions for the Midterm (subject to revision):

1. (a) What is the difference between procedures, data, and observations, hypotheses, and theories? (b) Describe an example of each from one of the labs. You may be told which lab, or you may be given a new example.

2. Describe the Null Hypothesis, including the role of measurement error.

3. (a) What is meant by the statement, "We are all Scientists." (b) Is this claim supported by the cases we have examined. (c) Why or why not?

4. How do the Sherlock Holmes references in the readings demonstrate the essential steps shared by detectives and scientists?

5. (a) What is the difference between deduction and induction? (b) Describe an example of each. (c) How does each figure in scientific reasoning?

6. As you know, we do not have to lift a liquid to drink it; we can drink it with a straw. (a) What makes this possible? (b) Provide both an Aristotelian and a Torricellian explanation. (c) How do we know which explanation is correct?

7. (a) What is a barometer? (b) What is the principle behind its construction? (c) Would it be useful on the moon? (d) Explain.

8. (a) Describe two early historical experiments which support Torricelli's hypothesis of atmospheric pressure. (b) Explain how the outcome of these experiments could be predicted from his hypothesis.

9. (a) Why can Thales' claim that everything is made of water be seen as a start of a modern scientific approach? (b) What kind of assumption about nature did Thales make? (c) How have later scientists built upon that assumption? (c) Briefly describe this research program and where it has led.

10. Show through a step-by-step process that the angles X and Y are equal (figure to be provided). Provide the justification for each step.

11. (a) Compare the contributions of Aristotle and Archimedes to modern science. (b) How did their approaches or methods differ? (c) How does each compare with modern approaches to science?

12. How does Robert Boyle's development of his law relating the pressure and volume of a gas (i.e. Boyle's law with temperature and mass held constant) illustrate the existence of mathematical regularities in nature?

13. Solving Boyle’s Law problems (the Law itself will be given if needed – P1×V1 = P2×V2):

a. (i) Are the subscripts in Boyle’s law exponents (powers)? (ii) Whether your answer is “yes” or “no,” describe what the subscripts mean.

b. Describe the meaning of each of the four symbols in the Law; P1, V1, P2 and V2. 

c. Name and describe each of the four steps used in solving Boyle’s Law problems

d. Carry out the four steps to solve a Boyle’s Law problem

14. Neither Galileo's nor Descartes' observations and experiments with light decided the question of whether light has a finite or infinite speed. (a) What did they decide? (b) How did Ole Roemer's observations of the moons of Jupiter allow him to decide the question of the speed of light? (c) How closely does his conclusion differ from the modern one? (c) What accounts for the difference?

15. Describe Aristotle's general picture of the structure and functioning of the universe including the major features which distinguish between the celestial and terrestrial regions.

16. (a) What is a star? (b) What is a planet? (c) What is a satellite? (d) Distinguish any differences in the use of these terms for an Aristotelian and a Copernican. (e) Observationally, how could you tell the difference between a planet and a star?

17. (a) What were the two competing models of the solar system? (b) Give one example of each

18. (a) Why does the sun rise and set? (b) Explain this observation from the perspective of both a geocentric and heliocentric astronomical system. (c) If the sun rises in the east and sets in the west, what can we learn from that?

19. We have used the statement, "Nature is the final arbiter in the natural sciences." (a) What does this mean? (b) Give one example from the course so far.

20. (a) What is meant when people say that science is progressive? (b) What types of progress can be involved? (c) Give two examples from this course.

21. Briefly describe the roles of the each of the major cultures involved in the development of science from ancient times to the development of science between 1400 and 1800 AD; the prehistoric, early urban, Greek, Islamic and Renaissance cultures.

22. (a) Describe the change in the theory of heat brought about by Count Rumford, and (b) how it was later confirmed.

23. (a) What does Copi mean when he writes that “science is social?” (b) How does this apply both to experiments and to theories? (c) Illustrate your points with specific examples from the course.

24. Apart from our sun, the star nearest us is Alpha Centauri. It is 4.3 light years away. Assume that you are an Alpha Centauri specialist and that you have been looking at the star for years. Last night, you saw for the first time that it turned into a nova. (a) What do you know about what is happening and when this event took place? (b) How do you know? (c) What does this tell us about the possibilities of studying some past events in astronomy?

25. (a) Describe and explain Galileo’s contributions to astronomy and (b) his conflict with the organized beliefs of his time and place.

26. (a) Did Galileo’s telescopic discoveries “strictly demonstrate” the truth of the Copernican system? (b) What importance did they have toward the acceptance of the Copernican view?

27. (a) List the two “pillars” of the scientific method. (b) What is the significance of each? (c) Describe the characteristics of each.

28. (a) List the four typical steps in the development of an area of science. (b) Describe each.

29. How is “theory” used differently in popular culture and in science?
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