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Midterm Examination:  Earth and Space Sciences 9


Tues Feb 11, 2003�9:30 am – 10:45 am


Students in the 1:00 pm and 3:00 pm sections will take the exam in 3656 Geology.�Students in the 2:00 pm section will take the exam in Geology ????.


There are two parts to this examination, weighted according to the time allotted in determining the grade.  The first part (25 minutes for 12 questions) is multiple choice.  The second part (50  minutes for 5 questions) is short answer.  Be concise and relevant in your response.  Wordiness will not get extra credit. You should write your answers on the examination itself and turn in this paper.  





Remember that short answers should be short and to the point.


If you get stuck on a question, go on to another.    GOOD LUCK.


PLEASE START BY WRITING YOUR NAME BELOW AND AT THE TOP OF EACH PAGE:


NAME:____KEY_______________________________________________________


Prob. #: (in part II, only 5 of 7 *)�
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Multiple Choice Questions.	Indicate the most complete answer�Read all answers before 	or correct statement in the box to �making a selection.	the left of the question.





�


I-1.  Isotopes are different forms of the same element that differ


because they have different numbers of neutrons in the nucleus.   


because they have different numbers of protons in the nucleus


because they have different numbers of electrons in the nucleus.


because they have different numbers of electrons surrounding the nucleus. 


because they have different numbers of atoms.





I-2.  The high surface temperature of Venus�		A.  is due to its coverage by clouds.�		B.  is due to its thick carbon dioxide atmosphere.�		C.  accounts for its brightness in the sky.�		D.  is entirely due to its closeness to the Sun.�		E.  is caused by lava flows at the surface.





I-3.  Who deduced that planets orbit in ellipses?


		A.  Eratosthenes


		B. Ptolemy


		C. Newton


		D. Copernicus


		E. Kepler





I-4.  Ice ages have occurred periodically on Earth as a result of�		A.  the differentiation of the core.�		B.   periodically changing eccentricity of the orbit.  �		C.  the large tilt of the rotation axis.�		D.  greenhouse warming of the atmosphere.�		E.  continental drift.  





I-5.  Mercury rotates around its own axis in�		A.  24 hours.�		B.  the time it takes to make one orbit of the Sun.�		C.  365 days.�		D.  two-thirds of the time it takes to make one orbit of the Sun.


		E.  88 days.





I-6.  If the Sun’s surface temperature were 4000( instead of almost 6000(:


		A.  the Earth would be much hotter.�		B.  sunlight would be much redder.�		C.  nucleosynthesis would stop.�		D.  we would not see sunspots.


		E.  B and D





I-7. A common rock found on many terrestrial planets is:�		A. basalt.�		B. olivine.  �		C. granite�		D. ice.�		E. None of the above.











�I-8.  A process common to all terrestrial planets is


		A.  magnetic field generation.


		B.  impact crater formation.  


		C.  the greenhouse effect


D. plate tectonics


		E.  phase-locking








I-9.  The measured average density of a planet is higher than its uncompressed density because


		A.  the light material is found near the surface of a planet. 


		B.  the heat liberated by differentiation affects the density.


		C.  gravity pulls matter inward & increases the density of a planet.


		D.  the light gases escape when the planet breaks into pieces.


		E.   none of the above.








I-10.  Large terrestrial planets are likely to have hotter interiors than small planets because


		A.  large planets always have thick greenhouse atmospheress


		B.   large planets can cool more rapidly than small planets


		C.   plate tectonics only occurs on Earth


D.  large planets are closer to the Sun


E.  large planets have a smaller surface area to volume ratio








I-11.  Which of the following is relevant to understanding the orbital motion of planets:





A.   With few exceptions, planets rotate about their axes in a prograde sense.


		B.   Radiated power/Area falls like R-2.


  The Solar rotation period is 25 days.


 Heat results from molecular motion.


E.   Planets move in elliptical orbits with the Sun at one focus.








I-12.  Which of the effects listed below is controlled by gravitational interactions between the Earth and the Moon?





		A. The increase with time of the Earth-Moon distance.


		B.  Slowing of the Moon’s rotation to once per lunar month.


		C.  Slowing of Earth’s day to 24 hours.


D.  Daily tides in the ocean.


E.  All of the above.





�
II. Short Answer Questions


	ANSWER 5 OUT OF 7 QUESTIONS.  �PLEASE CROSS OUT QUESTIONS THAT YOU ARE NOT ANSWERING.  If you do not cross out questions, we will grade the first 5 for which you have given answers.








Write your answers in the space provided. The answers should require only a few sentences, but please, no single word answers!





II-1.  In relation to planetary motion around the Sun:  





What law tells us that if the forces acting on a planet were to be removed, the planet would move away in a straight line?  (Whose law and what does the law say?)  �


Newton’s law of motion says that a body moves in a straight line at a constant velocity unless it is acted on by a force. If the forces are taken away, straight line motion results.





When a planet moves around the Sun in a nearly circular orbit, what forces are acting on it and in what direction do they act (inward or outward) and with what relative magnitude?





The force of gravity pulls the planet inward towards the Sun.  Centrifugal force acts outward.  The inward and outward forces are balanced.





       c.  Imagine a satellite in orbit round the Earth. If it fires a rocket motor so that it moves slightly inwards towards the Earth, has the gravitational force acting on the satellite increased or decreased? What happens to the speed of the satellite as a result?


Gravitational attraction has increased. Speed also increases to compensate





Imagine that a satellite has an orbital period around the Earth of 24 hours. How would this satellite appear to move according to an observer on the ground? What potential advantages are there for this kind of orbit?


It would appear motionless. Communication satellites use this orbit.











II-2.  Impact craters.





     a. What factors affect how many craters we see on a given area of a planet?  


How old the surface is, and how many have been removed by erosion since the surface formed.








    b. If we don’t see any small craters, but see plenty of large ones, what is the most likely explanation?


The small meteorites are filtered out by the atmosphere.








�
    c. An object like an orbiting meteorite has both kinetic and potential energy. Describe the changes in energy involved as the meteorite crashes to Earth and produces an impact crater.





Potential energy converted to k.e. as meteorite gets closer. At impact, k.e. is converted mainly to heat energy of  impact.








     d.The surface of the Moon has about 30 craters larger than 100km across and a mean surface age of 4.2 billion years. The surface area of the Earth is 14 times that of the Moon.  If the Earth has 10 craters larger than 100km across, what is the mean surface age of the Earth? What assumptions are involved in this calculation?


If Earth were same age, it would have 30x14=420 craters. Since it has 10 craters, the mean surface age is 10x4.2/420= 100 million years. We are assuming that the cratering rate on the Moon is the same as on the Earth, and that the cratering rate is constant through time.











II-3.  You have studied the planets Mercury, Venus, and Earth.  In responding to the sections below, compare these three planets.  








a. Discuss differences of the atmospheres in terms of surface pressure (if you don’t know the actual values, at least indicate relative values such as bigger or smaller), composition (dominant elements or gases), and temperature near the surface.  





Mercury has no atmosphere, hence near 0 surface pressure.





Venus has a very dense atmosphere (90 times the pressure of Earth’s atmosphere at the surface).  The atmosphere is rich in CO2, and is very hot (near 700 K at the surface).


Earth has an atmosphere with finite surface pressure, lower than that at Venus.


The atmosphere is rich in N2 and O2 and its surface temperature is near 300K.

















b. How do the surface ages of Mercury, Venus and Earth differ? What does this tell us about the geological history of the three planets? How do we normally measure the age of a planetary surface?


 





Mercury is uniformly old (~ 4 b.y.) Venus is uniformly quite young (~ 0.5 b.y). On Earth, continents are old (~ 2 b.y.) and oceans are young (0.1 b.y.). Mercury has not had much geological activity since it formed. Venus has been active and must have had a catastrophic resurfacing event. Earth has buoyant continents and plate tectonics. We use impact craters for dating.












































II-4.  Give a sketch of the Earth’s interior, showing the crust, mantle and core. You should indicate the approximate thicknesses of each layer. Do the same for the Moon.  Indicate the lateral variations in crustal thickness on each planet.
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II-5. Mercury





Mercury is peculiar because it rotates three times for every two times it orbits the Sun. Complete the diagram below to show how the dark line on Mercury points in different directions over two Mercury years. The starting position is shown. Plot the position of the line every half Mercury year.








			Mercury’s orbit viewed from above:
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What do you notice about the position of the line when Mercury is closest to the Sun? What does this mean about the amount of energy that places close to the line receive? What is the likely effect on the surface temperature at those places?





The point is always pointing directly towards (or directly away from) the Sun during closest approach. So it will receive more energy on average than other points, and the surface temperature is therefore likely to be hotter.











II-6.  Seasons





a. Write a few sentences explaining what is responsible for the seasons on Earth.





The tilt of the Earth’s axis is responsible for the seasons.  When a hemisphere is tilted towards the Sun, solar rays hit that hemisphere more directly, i.e., from a direction close to “up” and temperatures are warmer.  Also the surface is exposed to sunlight for more than 12 hours a day.  Both effects contribute. This is the summer hemisphere.  When a hemisphere is tilted away from the Sun, the solar rays are more oblique, hours of exposure to the Sun are fewer, and temperatures are colder.  This is the winter hemisphere. 




















b. Why does Venus not have seasons?





Because its axial tilt is too small.























c. Draw a sketch showing the Sun, the Earth, and the tilt of the Earth’s spin axis for southern summer.








��
II-7.  One can work out the mass (in kg) of a planet if it is orbited by a satellite. To do this, we use the relation between the period of a satellite in orbit around a central body and the radius of the orbit.  





We will use Deimos, a moon of Mars, as an example. 


Assume that the orbit of Deimos is circular, and it orbits at a distance of  2.3x107m from the center of Mars. The speed of Deimos is 1300 m/s.  


The universal gravitational constant is equal to 6.67x10-11m3/kg-s2. 





a.  Write out the equations for the two forces that must balance.  Define all the symbols in your equations.





F=GMm/r2 where r is the distance from the center of the Earth to the satellite.  F is the force of gravity, G is the universal gravitational constant, M is the mass of the Earth, m is the mass of the satellite.  





centrifugal force = mv2/r and v is the orbital speed of the satellite.


The two forces must balance, i.e., must equal each other.











b.  Given the information above, solve for the mass of Mars.  Write your answer first as an equation and then work out the numbers.





M=rv2/G





M=2.30x107 m x (1.3x103)2(m2/s2)/[6.67x10-11 (m3/kg-s2)] = 6x1023 kg.














c.  If the radius of Mars is 3.4x106 m, what is the density of Mars?





About 3600 kg m-3.





 

















Please recheck your work before turning in paper.  Have you indicated which 5 questions should be graded?
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