STUDY GUIDE FOR MODULE #1

1.  Write out the definitions for the following terms:

a. Atom

b. Molecule 
c. Concentration 
2.  Fifty grams of a carbon disulfide can be broken down into 42.1 grams of sulfur and 7.9 grams of carbon.  Is carbon disulfide made up of atoms or molecules?

3.  If you put iron near a magnet, the iron will be attracted to the magnet.  Rust is made up of molecules which contain iron atoms, oxygen atoms, and hydrogen atoms.  Rust is not attracted to a magnet.  If rust contains iron atoms, and iron is attracted to a magnet, why isn’t rust attracted to a magnet?

4.  A statue is made out of copper and displayed outside.  After many years, what color will the statue be?

5.  Have scientists actually seen atoms?

6.  Give the numerical meaning for the prefixes centi, milli, and kilo.

7.  If you wanted to measure an object’s mass, what metric unit would you use?  What English unit would you use?

8. If you wanted to measure an object’s volume, what metric unit would you use?  What English unit(s) would you use?

9. If you wanted to measure an object’s length, what metric unit would you use?  What English unit(s) would you use?

10.  How many centimeters are in 1.3 meters?

11.  If a person has a mass of 75 kg, what is his or her mass in grams?

12.  How many liters of milk are in 0.5 gallons of milk?  (1 gal = 3.78 L)

13.  A meter stick is 100 centimeters long.  How long is it in inches?  (1 in = 2.54 cm)
14.  Ozone is a poisonous gas that can build up in the air in dense cities.  Thus, there are many environmental initiatives to lower the amount of ozone in the air.  One way you can make ozone, however, is by baking bread.  The nice smell that you associate with baking bread is actually due, in part, to ozone.  If ozone is poisonous, why is baking bread not considered a dangerous activity?
STUDY GUIDE FOR MODULE #2

1.  Define the following terms:

a. Humidity

b. Absolute humidity

c. Relative humidity

d. Greenhouse effect

e. Parts per million

2.  The temperature is the same at 1:00 in the afternoon on two consecutive days.  For a person who is outside working, however, the second day feels cooler than the first day.  On which day was the humidity higher?

3.  A child decides to keep his goldfish outside in a small bowl.  He has to add water every day to keep the bowl full.  On two consecutive days, the temperatures are very similar, but on the first day, the relative humidity is 90% while on the second day, it is 60%.  On which day will the child add more water to the goldfish bowl?

4. If you put a glass of water outside when the relative humidity is 100%, how quickly will the water evaporate?

5.  Why does sweating cool people down?

6.  What is the percentage of nitrogen in dry air?  What about oxygen?

7.  What would be the consequence of removing all of the carbon dioxide in earth’s air supply (in terms of temperature)?  Explain.

8.  What would be the consequence of removing all of the ozone in earth’s air supply?

9.  What would be the consequence of a sudden increase in the concentration of oxygen in the earth’s air supply?

10.  Suppose astronomers found another solar system in which there was a sun just like our sun.  Suppose further that a planet existed in this new solar system which was just as far from its sun as is earth from our sun.  Since the vast majority of energy that planets get comes from their suns, is it reasonable to assume that the new planet would have roughly the same average temperature as that of earth?  Why or why not?

11.  What makes up the majority of the air that we exhale?

12.  Do we exhale more carbon dioxide or more oxygen?

13.  Is global warming happening today?

14.  The current concentration of ground-level ozone in the air is about 0.110 ppm.  What is that in percent?

15.  Suppose you had a sample of air in which the nitrogen oxides concentration is 0.023%.  What would the concentration of nitrogen oxides be if you expressed it in ppm?

16.  Is the air cleaner today, or was it cleaner 20 years ago?

17.  What is a cost/benefit analysis?

18.  What does a catalytic converter do in a car?

19.  What does a scrubber do in a smokestack?

20.  In the U.S., there are many regulations aimed at decreasing the amount of ground-level ozone in the air, because ground level ozone is considered a pollutant.  At the same time, there are many regulations aimed at increasing the amount of ozone in the ozone layer.  Despite the fact that ozone in the ozone layer is the same as ground-level ozone, ozone in the ozone layer is not considered a pollutant.  Instead, it is considered an essential substance.  Why?

STUDY GUIDE FOR MODULE #3

1.  Define the following terms:

a. Atmosphere

b. Atmospheric pressure

c. Barometer

d. Homosphere

e. Heterosphere

f. Troposphere

g. Stratosphere

h. Mesosphere

i. Jet streams

j. Heat

k. Temperature

l. Thermosphere

m.Exosphere

n. Ionosphere

2.  Suppose the earth’s air supply were twice as concentrated as it really is.  Would atmospheric pressure be greater than, equal to, or less than it is now?

3.  Two students make two different barometers.  The first student uses mercury, while the second uses water.  Any volume of mercury is much heavier than an equal volume of water.  If both barometers are the same except for the liquid used, which student’s barometer will have the highest column of liquid?

4.  The average, sea-level value for atmospheric pressure is 14.7 pounds per square inch, which is the same as 29.9 inches of mercury.  If the atmospheric pressure is 0.85 atms, which of the following values would correspond to atmospheric pressure as reported in a weather report?

31.1 inches of mercury, 29.9 inches of mercury, 25.4 inches of mercury

5.  Two vials contain air samples taken at different altitudes.  The first is composed of 21% oxygen, 78% nitrogen, and 1% other.  The second is 95% helium, 4% hydrogen, and 1% other.  Which came from the homosphere?

6.  You are reading the data coming from a data-gathering balloon as it rises in the atmosphere.  You have no idea what altitude it is at, but the balloon is sending a signal from its thermometer, telling you the temperature of its surroundings.  How will you know when the balloon enters the stratosphere?  How will you know when it enters the mesosphere?

7.  Name the three regions of the homosphere, from lowest to highest.

8.  Although the temperature gradient changes from region to region in the homosphere, there is one gradient that stays the same.  It continues to decrease as you increase in altitude, no matter where you are in the homosphere.  To what gradient am I referring?

9.  A plane is experiencing a LOT of problems because of a storm in the area.  Is the plane flying in the troposphere or the stratosphere?

10.  A scientist has two vials of ammonia gas.  She tells you that in the first vial, the gas molecules are traveling with an average speed of 20 miles per hour.  In the second vial, they are traveling with an average speed of 23 miles per hour.  Which vial contains the gas with the higher temperature?

11.  As you are outside on a cold, winter night, you begin to shiver from the cold.  Your companion says that you are shivering from the heat.  Is your companion correct?  Why or why not?

12.  Suppose there were a layer of carbon dioxide gas in the mesosphere.  What would happen to the temperature gradient in that region?

13.  Why will a ban on CFCs not really produce any saved or improved lives?

14.  Why will a ban on CFCs result in a tragic loss of human life?

15.  Even though human civilization is responsible for less than 1% of all chlorine in the atmosphere, it is responsible for 80% of all ozone-destroying chlorine.  Why?

16.  What makes it possible for CFCs to travel up to the ozone layer and begin destroying ozone?

17.  Where is the ionosphere and what makes it useful to us?

STUDY GUIDE FOR MODULE #4

1. Define the following terms:

a. Electrolysis

b. Polar molecule

c. Solvent

d. Solute

e. Cohesion

f. Hard water

2.  Suppose you did an electrolysis experiment like Experiment 4.1 on hydrogen peroxide, whose chemical formula is H2O2. Which of the following results would you expect:  (a) same as with water, (b) equal amounts of hydrogen and oxygen, or (c) twice as much oxygen as hydrogen.

3.  Suppose you performed Experiment 4.1 with a test tube which had a crack in it.  Gas could slowly leak out that crack, but not nearly as quickly as it was being made in the experiment.  Suppose further that the crack was in the test tube which held hydrogen gas.  Which chemical formula might result from such a botched experiment:  HO or H4O?

4.  Epsom salts, which you used in Experiment 4.1, have the chemical formula of MgSO4.  If Mg is the symbol for magnesium, S stands for sulfur, and O represents oxygen, how many of each atom are in a molecule of Epsom salts?

5.  Calcium carbonate is an ionic substance that is commonly called “chalk.”  If this molecule has one calcium atom (Ca), one carbon atom (C), and three oxygen atoms (O), what is its chemical formula?

6.  One of the most common household cleaners is ammonia, whose chemical formula is NH3.  How many atoms are in a molecule of ammonia?

7.  A molecule is comprised of atoms that all pull on electrons with the same strength.  Will this molecule be polar?

8.  Baking soda dissolves in water.  Will it dissolve in vegetable oil, which is a nonpolar substance?

9.  Carbon tetrachloride will not dissolve in water.  Is it made of ionic molecules, polar molecules, or nonpolar molecules?

10.  Suppose you were able to count the molecules in a substance.  Which would have more molecules, 1 liter of liquid water or 1 liter of ice?

11.  If the substance in question #10 were virtually any other substance, what would the answer be?

12.  What is responsible for water being a liquid at room temperature as well as water’s cohesion?

13.  What causes surface tension?

14.  Why is water harder in certain regions of the world than in others?

STUDY GUIDE FOR MODULE #5

1.  Define the following terms:

a. Hydrosphere

b. Hydrologic cycle

c. Transpiration

d. Condensation

e. Precipitation

f. Distillation

g. Residence time

h. Salinity

i. Firn

j. Water table

k. Percolation

l. Adiabatic cooling

m. Cloud condensation nuclei

2.  What kind of water makes up the majority of earth’s water supply?

3.  What is the largest source of freshwater on the planet.

4.  What is the largest source of liquid freshwater on the planet?

5.  In the hydrologic cycle, name the ways that water can enter the atmosphere.

6.  When a raindrop hits the ground, name three ways it can eventually end up in a river.

7.  What process in the hydrologic cycle puts soil moisture into the atmosphere?

8.  In which body of water would the residence time be shorter: a quickly-moving river or a lake that has no river outlets?

9.  What must a lake have in order for it to contain freshwater?

10.  Why is the salinity of the ocean evidence that the earth is not billions of years old?

11.  If you tasted melted sea ice, would it taste like freshwater or saltwater?

12.  Where do icebergs come from?

13.  Where do glaciers come from?

14.  The captain of a ship sees an iceberg and steers clear of it.  Why is the captain still worried about a collision?

15.  Suppose you studied two areas of land close to one another.  In the first, there are a lot of trees.  In the second, there are almost no trees at all.  Other than that, the two areas seem identical.  They have the same kind of grass and experience the same weather.  Which one has the deeper water table?

16.  If no energy is added to air, what happens to the temperature when the air expands?

17.  Will fog be thicker in a dusty area or an area free of dust and dirt?

18.  What kind of cooling is responsible for most cloud formation?

19.  What kind of water pollution is the hardest to track back to its source?

STUDY GUIDE FOR MODULE #6

1.  Define the following terms:

a. Sediment

b. Sedimentary rock

c. Earth’s crust

d. Igneous rock

e. Plastic rock

f.   Earthquake

g. Fault

h. Focus

i. Epicenter

2.  Scientists often separate the earth into five distinct sections.  Name those sections.

3.  Of the five sections listed in problem 2, which can we observe directly?

4.  What two regions of the earth does the Moho discontinuity separate?  What about the Gutenberg discontinuity?

5.  What three sections make up the lithosphere?

6.  What is the difference between the ways that igneous rock and sedimentary rock form?

7.  What is unique about the rock in the mantle?

8.  What is the main thing scientists observe in order to learn about the makeup of the earth’s interior?

9.  Which is solid, the inner core or the outer core?  Why is it solid when the other is liquid?

10.  Where is the magnetic field of the earth generated?

11.  What causes the magnetic field of the earth?

12.  Give a brief description of the two main theories that attempt to explain the earth’s magnetic field.

13.  What makes the rapid decay theory more scientifically valid than the dynamo theory?

14.  Why is a catastrophe like Noah’s Flood an essential part of earth’s history if the rapid decay theory is true?

15.  What two reasons make otherwise good scientists ignore the more scientifically valid rapid decay theory?

16.  Why would life cease to exist without the earth’s magnetic field?

17.  What are the “plates” in plate tectonics?

18.  What can happen when plates collide with one another?

19.  What is Pangaea?

20.  Why do otherwise good scientists ignore the plate tectonics theory, despite the evidence that exists for it?

21.  What causes earthquakes?

22.  Briefly describe the elastic rebound theory of earthquakes.

23.  A seismologist detects an earthquake that measures 4 on the Richter scale.  Later, he detects one that measures 8.  How many times more energy does the second earthquake release as compared to the first?

24.  Name the four kinds of mountains.  What is required for the formation of each?

STUDY GUIDE FOR MODULE #7

1.  Define the following terms:

a. Aphelion

b. Perihelion

c. Coriolis effect

d. Air mass

e. Weather front

2.  What is the difference between weather and climate?

3.  What are the three main factors that affect earth’s weather?

4.  Be sure that you can identify each of the cloud types in Figure 7.1.

5.  If stratus clouds are dark, what are they called?

6.  If you find lenticular clouds higher than normal, what are they called?

7.  What does “insolation” stand for?

8.  In the Northern Hemisphere, are the length of the days greater than or less than 12 hours between the summer solstice and the autumnal equinox?  Are the day lengths increasing or decreasing during that time?

9.  In the Southern Hemisphere, when are the day lengths less than 12 hours but increasing?

10.  Is the Northern Hemisphere’s summer during aphelion or perihelion?

11.  Why are we “lucky” that the earth has an axial tilt?

12.  What causes wind?

13.  Why isn’t there a constant stream of wind blowing from the poles to the equator?

14.  What causes the wind patterns to bend in different regions of the globe?

15.  At night time, high elevations usually cool faster than low elevations.  Thus, at night, the land on a mountain is usually cooler than the land in the valley next to the mountain.  Will the local wind produced by this effect blow from the mountain into the valley or from the valley into the mountain?

16.  Is the humidity high or low in a continental polar air mass? Is this air mass warm or cold?

17. Is the humidity high or low in a maritime tropical air mass? Is this air mass warm or cold?

18.  Over a period of a couple of days, the clouds slowly build and then a gentle, long rain ensues that lasts less than a full day.  What kind of front causes this weather?

19.  Over a period of a few days, you notice cirrus clouds form, followed by stratus and nimbostratus clouds.  In just a few hours, however, dark cumulonimbus clouds form, heralding a thunderstorm.  What kind of front caused this?

20.  In less than a day, dark cumulonimbus clouds form and unleash a thunderstorm that lasts only a few hours.  After the thunderstorm is over and the sky clears, do you expect cooler or warmer temperatures as compared to the temperature before the clouds began forming?

STUDY GUIDE FOR MODULE #8

1.  Define the following terms:

a. Updraft

b. Insulator

2.  Both the Bergeron process and the collision-coalescence process explain precipitation, but they each begin with a different kind of cloud.  With what kind of cloud does each theory begin?

3.  Which of the two theories of precipitation governs the fall of rain from the tops of a cumulonimbus cloud?  What about a nimbostratus cloud?

4.  What is the difference between drizzle and rain?

5.  What are the differences between sleet, hail, and freezing rain?

6.  A meteorologist measures the dew point on two different mornings.  The first morning is very humid and the atmospheric pressure is high.  The second morning is not nearly as humid and the atmospheric pressure has fallen.  On which day will the dew point be coldest?

7.  Name the three stages of a thunderstorm cell in the order that they occur.  At each stage, indicate whether an updraft, downdraft or both are present.  Also, indicate whether or not precipitation occurs.

8.  If the heavy rain of a thunderstorm lasts for more than 30 minutes, what can you conclude about its makeup?

9.  Lightning forms as a result of electrical charge imbalance.  Where does that charge imbalance originate and why does it occur?

10.  Which is responsible for most of the light and sound in a lightning bolt: the stepped leader or the return stroke?

11.  Where does the thunder in a thunderstorm come from?

12.  Why do lightning bolts tend to strike targets that are high?

13.  What is the difference between sheet lightning and a lightning bolt?

14.  What kind of cloud is necessary for tornado formation?

15.  List the five stages of a tornado in order.  At which stage is the tornado most destructive?

16.  What are the four classifications that lead to a hurricane?  What is used to determine which classification a storm fits in?

17.  What are the conditions in the eye of a hurricane?

18.  What causes a hurricane in the Southern Hemisphere to rotate in a different direction than a hurricane in the Northern Hemisphere?

Given the following weather map, answer questions 19-24.

[image: image1.png]



19.  Is the atmospheric pressure in Houston, TX higher, lower or equivalent to that of Chicago, IL?

20. Is the atmospheric pressure in Houston, TX higher, lower or equivalent to that of Atlanta, GA?

21.  Is the occluded front nearer to San Francisco, CA or Canada?

22.  Will Atlanta or Indianapolis be in for some warmer weather soon?

23.  At the time this map was drawn, what city might be experiencing thunderstorms?

24.  What city probably experienced long rains followed by thunderstorms recently?

STUDY GUIDE FOR MODULE #9

1.  Define the following terms:

a. Reference point

b. Vector quantity

c. Scalar quantity

d. Acceleration

e. Free fall

2.  If an object’s position does not change relative to a reference point, is it in motion relative to that reference point?

3.  A glass of water sits on a counter.  Is it in motion?

4.  A child is floating in an inner tube on a still lake.  His position does not change.  He watches two girls jog along the shore of the lake.  The girls are keeping perfect pace with each other.

Neither is pulling ahead of nor falling behind the other.

a. Relative to whom is the child in motion?

b. Relative to whom is the first girl in motion?

c. Relative to whom is the second girl not in motion?

5.  What is the speed of a boat that travels 10 miles in 30 minutes?  Please answer in miles per hour.

6.  What is the speed of a runner who runs 6 kilometers in 45 minutes?  Please answer in meters per second.

7.  Label each quantity as a vector or scalar quantity.  Also, identify it as speed, distance, velocity, acceleration, or none of these.

a. 10 meters

b. 1.2 meters/second2 east

c. 3.4 feet/hour and slowing

d. 56 liters

e. 2.2 miles/minute west

f. 2.2 millimeters/year

8.  A car and a truck are traveling north on a highway.  The truck has a speed of 45 miles per hour and the car has a speed of 57 miles per hour.  If the truck is ahead of the car, what is the relative velocity?
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9.  If an object travels for 15 minutes with a constant velocity of 12 miles per hour west, what is the acceleration?

10.  A sportscar goes from a velocity zero to a velocity of 12 meters per second east in 2 seconds.  What is the car’s acceleration?

11.  A train takes a long time to stop.  That’s what makes trains so dangerous to people who cross the tracks when one is near.  If a train is traveling at 30 miles per hour south and takes 12 minutes to come to a stop, what is the train’s acceleration?

12.  A very picky physicist states that it is impossible for any object to experience free fall near the earth’s surface.  Why is the physicist technically correct?

13.  Even though the physicist in question #12 is technically correct, why do we go ahead and assume that heavy objects are in free fall when they fall near the surface of the earth?

14.  A long, vertical glass tube contains a feather and a penny.  All of the air is pumped out and the tube is inverted, causing the penny and the feather to fall.  Which hits the bottom first, the feather or the penny?

15.  What is the height of a building (in meters) if it takes a rock 4.1 seconds to drop from its roof?

16.  A balloonist drops a rock from his balloon.  It takes 7 seconds for the rock to fall to the ground.  What is the balloonist’s altitude in feet?

17.  A scientist decides to measure acceleration by measuring the distance that a moving object travels in a set time interval.  The scientist notices that in every thirty second interval, the object travels less distance than it did in the previous interval.  Is the direction of the acceleration the same as or opposite to the velocity?

STUDY GUIDE FOR MODULE #10

1.  Define the following terms:

a. Friction

b. Kinetic friction

c. Static friction

2.  State Newtons’ three laws of motion.

3.  In space, there is almost no air, so there is virtually no friction.  If an astronaut throws a ball in space with an initial velocity of 3.0 meters per second to the west, what will the ball’s velocity be in a year?

4.  A boy is running north with a beanbag in his hands.  He passes a tree, and at the moment he is beside the tree, he drops the beanbag.  Will the beanbag land next to the tree?  If not, will it be north or south of the tree?

5.  Suppose the situation in question #4 is now changed.  The boy is running, but now his friend stands beside the tree with the beanbag.  As the boy passes, he barely taps the beanbag, causing it to fall out of his friend’s hands. Will the beanbag land next to the tree?  If not, will it be north or south of the tree?

6.  A busy shopper is driving down the road.  Many boxes lie piled on the back seat of the car, evidence of shopping activity.  Suddenly, the shopper must hit the brakes to avoid a collision.  Will the boxes be slammed farther back into the back seat or will they slam into the front seat where the driver can feel them?

7.  When roads get wet, they get slick.  Obviously, then, the friction between a car’s tires and the road decreases when the road is wet.  Why?

8.  In order to get his broken-down car moving, a man must exert an enormous amount of force.  Once it is moving, however, the man need not exert nearly as much force to keep it moving.  Why?

9.  A child is pushing her toy across the room with a constant velocity to the east.  If the static friction between this toy and the floor is 15 Newtons while the kinetic friction is 10 Newtons, what force is the child exerting?

10.  A father is trying to teach his child to ice skate.  As the child stands still, the father pushes him forward with an acceleration of 2.0 meters per second2  north.  If the child’s mass is 20 kilograms, what is the force with which the father is pushing.  (Since they are on ice, you can ignore friction.)

11.  In order to move a 15-kilogram object, a force of more than 25 Newtons must be exerted.  Once it is moving, however, a force of only 20 Newtons accelerates the object at 0.1 meters per second2 to the west.  What is the force of static friction between the object and the surface upon which it sits?  What is the force of kinetic friction?

12.  The static frictional force between a 500 kilogram box of bricks and the floor is 500 Newtons.  The kinetic frictional force is only 220 Newtons. How many Newtons of force must the worker exert to get the box moving?  What force must the worker exert to accelerate the box at 0.1 meters per second2 to the south?

13.  In order to shove a rock out of the way, a gardener gets it moving by exerting just slightly more than 100 Newtons of force.  To keep it moving at a constant velocity eastward, however, the gardener needs only to exert a 45 Newtons force to the east.  What are the static and kinetic frictional forces between the rock and the ground?

14.  Two men are trying to push a 710-kg truck.  The first exerts a force of 156 Newtons east and the second exerts a force of 220 Newtons east.  The truck accelerates at 0.20 meters per second2 to the east.  What is the kinetic frictional force between the truck and the road?

15.  A child pushes against a large doghouse, trying to move it.  The doghouse remains stubbornly unmoved.  What exerts the equal and opposite force which Newton’s Third Law of Motion says must happen in response to the child’s push?  What is that force exerted on?

16.  In a baseball game, a player catches a fast-moving ball.  The ball stops in the player’s hand.  What evidence tells you that the player exerted a force on the ball?  What exerts the equal and opposite force required by Newton’s Third Law?  What evidence does the player have for this force?

17.  A man leans up against a wall with a force of 20 Newtons to the east.  What is the force exerted by the wall on the man?

STUDY GUIDE FOR MODULE #11

1.  Name the four fundamental forces in Creation.  Which two forces are really different aspects of the same force?

2.  Which is the weakest of the fundamental forces?  Which is the strongest?

3.  Name the three principles of Newton’s Universal Law of Gravitation.

4. The gravitational force between two objects (mass1 = 10 kg, mass2 = 6 kg) is measured when the objects are 10 centimeters apart.  If the 10 kg mass is replaced with a 20 kg mass and the 6 kg mass is replaced with a 12 kg mass, how does the new gravitational attraction compare to the first one that was measured?

5. The gravitational force between two objects (mass1 = 10 kg, mass2 = 6 kg) is measured when the objects are 10 centimeters apart.  If the distance between them is increased to 40 centimeters, how does the new gravitational attraction compare to the first one that was measured?

6. The gravitational force between two objects (mass1 = 1 kg, mass2 = 2 kg) is measured when the objects are 12 centimeters apart.  If the 1 kg mass is replaced with a 5 kg mass, the 2 kg mass is replaced with a 4 kg mass, and the distance between the objects is reduced to 4 centimeters, how does the new gravitational attraction compare to the first one that was measured?

7.  If the moon orbits the earth because the earth exerts a gravitational force on the moon, what is the equal and opposite force required by Newton’s Third Law of Motion?

8.  What kind of force is necessary for circular motion?  Give the definition of that force.

9.  What are the three principles of circular motion?

10.  A child is twirling a toy airplane on a string:
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a. If the child increases the speed of the plane, will the string need to exert more or less force on the plane?

b.  If the child keeps twirling at the same rate but allows more string out, making the circle bigger, will the string need to exert more or less force?

11.  What is “centrifugal force?”

12.  In the following diagram, the ball is traveling from point “A” to point “B.”  Draw the velocity of the ball and the force it experiences if it is traveling at constant speed.
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13.  List the inner planets and the outer planets.

14.  List the planets of the solar system from the closest to the sun to the farthest from the sun.

15.  List the planets that have rings.

16.  Where are most of the asteroids in the solar system?

17.  What causes an asteroid to become a meteor?

18.  What are the three parts of a comet?  Which of those parts is always present in a comet?

19.  During what part of a comet’s orbit are all three parts present?

20.  Are comets’ orbits circular or elliptical?

21.  Where do physicists think that short-period comets come from?

22.  What causes gravity, according to Einstein’s Theory of General Relativity?

23.  What causes gravity, according to the graviton theory?

STUDY GUIDE FOR MODULE #12

1.  Define the following terms:

a. Photons

b. Charging by conduction

c. Charging by induction

d. Electrical current

e. Conventional current

f. Resistance

g. Open circuit

2.  For the following situations, draw the force exerted by the solid object with a solid arrow.  Draw the force exerted by the dashed object with a dashed arrow:
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3. The force between the south pole of a magnet and the north pole of another magnet is measured.  If the distance between the poles is increased by a factor of 3, how does the new force compare to the old one?  Is the force attractive or repulsive?

4. Two charged particles are placed 10 centimeters from each other and the resulting force is measured.  The charge on object #1 is then doubled and the charge on object #2 is left the same.  The distance between the objects is also reduced to 5 centimeters.  How does the new force compare to the old force?

5.  What causes the electromagnetic force?

6.  Given your answer to question #5, why don’t charged particles glow?

7. If you were to use a positively-charged rod to charge an object by induction, what charge will the object get?

8. If you were to use a positively-charged rod to charge an object by conduction, what charge will the object get?

9.  An electrical circuit uses a large voltage but a small current.  Is the energy of each electron high or low?  Are there many electrons flowing through the circuit, or are there few?  Is the circuit dangerous?

10.  Under what conditions is an electrical circuit reasonably safe?

11.  Draw the conventional current flow in the following circuit.
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12.  What is wrong with conventional current?

13.  You have two wires.  One is long and the other is short.  Which has more resistance?

14.  You have two wires.  One is thin, and the other is very thick.  When the same current is run through each wire, which will get hotter?

15.  In which circuit will the light bulb glow?
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16.  Three lights are in a room.  When one burns out, they all go out.  When the burnt-out one is replaced with a good light, the other two lights work again.  Are the lights wired in a parallel circuit or a series circuit?

17.  If it takes a flow of charged particles to make a magnet, where is the charged particle flow in a permanent magnet?

18.  Is it possible to have a permanent magnet with only a north pole?

19.  Is it possible to make a magnet from something that is not a magnet?

20.  If a material does not respond to a magnet, what can you conclude about the atoms in that material?

STUDY GUIDE FOR MODULE #13

(Use the Periodic Chart to answer these questions.  You will be able to use it on the test.)

1.  Define the following terms:

a. Nucleus

b. Atomic number

c. Mass number

d. Isotopes

e. Element

f. Radioactive isotope

2.  Order the three constituent parts of the atom in terms of their size, from smallest to largest.

3.  What force keeps the protons and neutrons in the nucleus?  What causes this force?

4.  What force keeps the electrons orbiting around the nucleus?

5.  What is an atom mostly made of?

6.  An atom has an atomic number of 34.  How many protons and electrons does it have?  What is its symbol?

7.  List the number of protons, electrons and neutrons for each of the following atoms:

a. Neon-20 (neon’s chemical symbol is “Ne”)

b. 56Fe
c. 139La

d. 24Mg

8.  Two atoms are isotopes of one another.  The first has 18 protons and 20 neutrons.  The second has 22 neutrons.  How many protons does the second atom have?

9.  Which of the following atoms are isotopes?

112Cd, 112Sn, 120Xe, 124Sn, 40Ar, 120Sn

10.  Draw what the Bohr model says a 16O atom would look like.

11. Draw what the Bohr model says a 25Mg atom would look like.

12.  What is the largest Bohr orbit in a uranium atom (the symbol for uranium is “U”) and how many electrons are in it?

13.  Why is the strong nuclear force such a short-range force?

14.  Determine the daughter products produced in the beta decay of the two radioactive isotopes shown below.

a. 98Tc               b. 125I

15.  Determine the daughter products produced in the alpha decay of the two radioactive isotopes shown below.

A.212Bi              b. 224Ra

16.  A radioactive isotope goes through radioactive decay but the isotope’s number of protons and neutrons does not change.  What kind of radioactive decay occurred?

17.  The half-life of the radioactive decay of 226Ra is 1600 years.  If a sample of 226Ra originally had a mass of 10 grams, how many grams of 226Ra would be left after 3200 years?

18.  The half-life of the man-made isotope 11C is 20 minutes.  If a scientist makes 1 gram of 11C, how much will be left in one hour?

19.  Why is radioactive dating unreliable in most situations?

20.  List the three types of radioactive particles in the order of their ability to travel through matter.  Start with the particle that cannot pass through much matter before stopping, and end with the one that can pass through the most matter before stopping.

STUDY GUIDE FOR MODULE #14

1.  Define the following terms:

a. Transverse wave

b. Longitudinal wave

c. Supersonic speed

d. Sonic boom

e. Pitch

2.  In designing a car’s horn, the engineers test the sound of the horn and decide that its pitch is too low.  To adjust the horn, should the engineers change the electronics so as to produce sound waves with longer or shorter wavelengths?

3.  A sound wave is traveling through air with a temperature of 30o C.  What is the speed of the sound wave?

4.  If the sound wave in problem #3 has a wavelength of 0.5 meters, what is its frequency?

5.  A sound wave has a speed of 345 m/sec and a wavelength of 500 meters.  Is this wave infrasonic, sonic, or ultrasonic?

6.  A physicist takes an alarm clock and puts it in an airtight chamber.  When the chamber is sealed but still full of air, the physicist is able to hear the alarm despite the fact that he is outside of the chamber.  If the physicist then uses a vacuum pump to evacuate essentially all of the air out of the chamber, will the physicist still be able to hear the alarm?  Why or why not?

7.  Are sound waves transverse waves or longitudinal waves?

8.  You are watching the lightning from a thunderstorm.  You suddenly see a flash of lightning, and 2.3 seconds later you hear the thunder.  How far away from you did the lightning strike? (The temperature at the time is 13o C).

9.  Sound waves are traveling through the air and suddenly run into a wall.  As the sound waves travel through the wall, do they travel faster, slower, or at the same speed as when they were traveling in the air?

10.  In the situation described above, what happens to the amplitude of the wave?  Is the amplitude of the wave smaller, larger or the same as the amplitude before the wave hit the wall?

11.  A jet aircraft is traveling at Mach 2.5 through air at 1o C.  What is the jet’s speed in m/sec?

12.  A jet travels through air at 464.1 m/sec.  If the air has a temperature of 0o C, at what Mach is the jet flying?

13.  Why do jets travel at speeds of Mach 1 or higher only in sparsely-populated regions?

14.  A guitar player is plucking on a string.  If he takes his finger and pinches the string to the neck of the guitar so as to shorten the length of the string, will the pitch of the sound emitted increase, decrease, or stay the same?

15.  You hear two musical notes.  They both have the same pitch, but the first is louder than the second.  If you compared the sound waves of each sound, what aspect(s) of the wave (wavelength, frequency, speed, and amplitude) would be the same?  What aspect(s) would be different?

16.  The horn on your neighbor’s car is stuck, so it is constantly blaring.  You watch your neighbor get into the car and drive away from you, heading towards the nearest place for automobile service.  If you listen to the pitch of the horn from the time the neighbor gets into the car until the car goes out of sight, what will happen to the pitch of the horn?

17.  You are riding your bicycle towards a stationary police car whose siren is blaring.  Will the pitch of the siren sound lower, higher, or the same as it will sound when you actually stop your bicycle? (Assume the actual pitch of the siren stays constant.)

18.  You are standing near an interstate highway trying to talk on a pay phone.  You have raised your voice because of the noise, so the loudness of your voice is about 80 decibels.  The sound of the traffic on the highway is about 100 decibels.  How many times larger is the intensity of the traffic’s sound waves as compared to those of your voice?

19.  An amplifier can magnify the intensity of sound waves by a factor of 1,000.  If a 30 decibel sound is fed into the amplifier, how many decibels will come out?

STUDY GUIDE FOR MODULE #15

1.  Define the following terms:

a. Electromagnetic wave

b. The Law of Reflection

2.  Explain the wave theory of light, the particle theory of light, and the quantum-mechanical theory of light.

3.  Sound waves cause air to oscillate.  What do light waves oscillate?

4.  What does Einstein’s Special Theory of Relativity say about the speed of light?

5.  Light is traveling through water and suddenly breaks the surface and travels through air.  Did light’s speed increase, decrease, or stay the same once it left the water?

6.  Order the following colors in terms of increasing wavelength:  orange, violet, yellow, green.

7.  Order the colors in problem #6 in terms of increasing frequency.

8.  Do radio waves have higher or lower frequencies than visible light?  What about X-rays?

9.  Infrared light is given off by any object that is losing heat.  The human body is almost always losing heat to the environment.  Why, then, don’t human bodies glow at night, since they are emitting light?

10.  Light hits a mirror, making an angle of 15 degrees relative to a line drawn perpendicular to the mirror’s surface.  What angle does the reflected light make with the same line?

11.  In the following diagram, will the man see his foot, despite the fact that the mirror does not reach the ground?
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12.  When light travels from one substance to another, what two things can happen to the direction of the light ray’s travel?

13.  In a physics experiment, a light ray is examined as it travels from air into glass.  If the angle that the light ray makes with a line perpendicular to the glass surface is measured, will the refracted ray bend toward or away from that line?

14.  When you look at objects underwater from above the water, they appear to be at a different position than the position they are truly at.  Why?

15.  In order for you to see a rainbow, what three conditions must be met?

16.  What is the difference between a converging lens and a diverging lens?

17.  Which of the following lenses is a converging lens?  Which is a diverging lens?
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18.  What is special about the way the eye focuses light as compared to the way a camera focuses light?

19.  Suppose the cone cells on your retina that sense red light no longer work.  If you look at a white piece of paper, what color would it appear to be?  If you looked at a red piece of paper, what color would it appear to be?

20.  A shirt is dyed so that it looks violet. What colors of light does the dye absorb?

21.  A cyan dye is made of a mixture of substances which absorb all light colors except blue and green.  If you took a cyan piece of paper and placed it in a dark room and shined red light on it, what would you see?  What would you see if you shined green light on it?

STUDY GUIDE FOR MODULE #16

1. Define the following terms: 

a. Nuclear fusion 

b. Nuclear fission 

c. Critical mass 

d. Star magnitude 

e. Light year 

f. Galaxy 

2. From the inside to the outside, name the four regions of the sun. 

3. How does the sun get its power? In which region of the sun does this process occur? 

4. What part of the sun do we see? 

5. A 251Cf nucleus is bombarded with a neutron. It breaks down into a 124Sn nucleus, a 120Cd 

nucleus and 7 neutrons. Is this nuclear fission or nuclear fusion? 

6. Two 4He nuclei collide and turn into a 7Be nucleus and 1 neutron. Is this nuclear fusion or 

nuclear fission? 

7. For both nuclear fusion and nuclear fission, what can we say about the mass of the starting 

materials compared to the mass of what’s made in the end? 

8. Why is it impossible for a nuclear power plant to have a nuclear explosion? 

9. Why is nuclear fusion considered a better option for energy production compared to nuclear 

fission? 

10. If nuclear fusion is a better option, why don’t we use it? 

11. Using the H-R diagram on the next page, classify the following stars: 

a. Magnitude -1, Spectral Letter K b. Magnitude -3, Spectral Letter B 

c. Magnitude -7, Spectral Letter F d. Magnitude 13, Spectral Letter F 

12. Which of the stars in problem 11 is most like our sun? 

13. Order the four stars in problem 11 in terms of increasing size. 

14. Order the four stars in problem 11 in terms of increasing brightness. 

15. Which of the stars in problem 11 is the coolest? 

16. What similarity exists between novas, supernovas, and pulsating variables? 

17. What is the big difference between novas, supernovas, and pulsating variables? 

18. What is a nebula? 

19. What are the two methods for measuring the distance from earth to a star? Which of the two 

is the most accurate? Which can be used to measure long distances? 

20. Why are Cepheid variables so important for measuring long distances in the universe? 

21. What are the four basic types of galaxies? To which type does the Milky Way belong? 

22. Fill in the blanks: Stars group together to form __________, which group together to form 

_______, which group together to form __________, some of which group together to form 

_______. 

23. For the first three answers you gave in #22, give the names that apply to those to which 

earth’s solar system belongs. 

24. Why do most astronomers believe that the universe is expanding? 

25. In what two ways could the universe be expanding? 

26. If the universe is expanding, does it matter which way? 

