Lecture 18

1. To test if your garden hose still works from leaving it out all winter you decide to turn on the water and see what happens.  As the water moves through the hose it encounters a kink or bend in the hose.  Which statement would be correct for water moving around the outside of a bend?

a. The water arcing around the bend experiences a higher pressure.

b. The water arcing around the bend speeds up.

c. The streamline spacing narrows as the water arcs around the bend.

d. The water arcing around the bend experiences no acceleration.

EXPLANATION: Since the water is turning direction it must be accelerating.  It is accelerating towards the inside of the bend.  This is caused by a pressure difference with higher local pressure near the outside of the bend.  To keep the total energy constant along a streamline, the water speed must decrease where there is higher pressure.  The streamlines at this region would have a wider spacing.  
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2. During a recent rainstorm you stare out your window watching water flow smoothly down your inclined driveway and into the drainage system.  Of the following, which factor would decrease the likelihood of a fluid exhibiting laminar flow?

a. A low fluid viscosity

b. A low flow speed

c. A flow around only small obstacles and not large ones

d. A low fluid density

EXPLANTION:  The Reynolds number is a way to quantify the characteristics of the fluid and its environment to determine whether the fluid exhibits laminar or turbulent flow.  The Reynolds number is equal to the density times the obstacle length times the flow speed divided by the viscosity.  While low fluid flow, small obstacles, and low fluid density decrease the number a low viscosity would increase it.  The higher the number the more likely the flow to be turbulent. 
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3. In order to reduce pressure drag around a ball one must decrease the turbulent wake behind the ball.  Which action would decrease the turbulent wake?

a. Cause the boundary layer to become turbulent.

b. Use a smoother ball.

c. Keep the Reynolds number between 2000 and 100,000.

d. Cause the boundary layer to undergo laminar flow.

EXPLANATION: When the boundary layer becomes turbulent the boundary layer air begins to mix with itself and the freely flowing airstream nearby.  It thus gains energy and momentum.  This causes the airstream separation to occur farther back on the ball and the turbulent wake becomes smaller.  A smaller wake will reduce pressure drag and the ball will not decelerate as quickly.
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4. While watching an air show at the local municipal airport you notice a stunt plane temporarily encounter wing stall.  Which explanation could explain the reason for the wing stall?

a. The upper airstream detached from the wing’s top surface.

b. The upper boundary layer traveled the entire length of the wing.

c. The angle of attack changed airflow from blunt to streamlined.

d. The lift force was increased above the critical limit.

EXPLANATION: When air over a plane wing’s angle of attack is transformed from streamlined to blunt the upper boundary layer is brought to a standstill because of an adverse pressure gradient and the airstream over the top separates from the surface, increasing the average pressure above the wing, and causing the lift force to dramatically decrease.  The plane suddenly drops. 
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5. As a model airplane hobbyist you want to make a propeller that produces more thrust for your new toy.  Which propeller design feature would not be helpful?

a. Make the blades’ pitch, or angle of attack, shallower.

b. Make the blades’ size larger.

c. Make the blades’ front-surface curvature greater.

d. Make the blades rotate faster.

EXPLANATION: Propeller blades have all the features of airplane wings.  By increasing the blade pitch, size, curvature, and airspeed the lift is increased by decreasing the pressure out front of the blades.  This horizontal lift is known as thrust.  
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6. It takes the space shuttle Atlantis roughly 90 minutes to complete one orbit around the Earth.  Which factor does not influence the shuttle’s orbital period?

a. The mass of the space shuttle

b. The mass of the Earth

c. The shuttle’s altitude above the Earth

d. The distance between the shuttle and the center of Earth

EXPLANATION:  The gravitational force, governed by the universal law of gravitation, provides the centripetal force acting on the shuttle allowing it to orbit.  Solving for the period, T, we get T = ((4*pi^2*r^3)/(G*(M of Earth))^(1/2).  The mass of the shuttle cancels out of the equation.  The shuttle’s orbital period is dependant on only two variables, the Earth’s mass and the distance between the centers of mass.   
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7. While listening to your spouse complain about the upstairs always being hotter than the rooms downstairs you contemplate the differences between the air on the two levels.  Which statement is true for a given volume of air on the upstairs second floor compared to an equal volume of air on the main floor?

a. The air on the second floor contains more thermal energy.

b. The air on the second floor contains less massive molecules.

c. The air on the main floor contains molecules traveling faster on average.

d. The air on the main floor is less dense.

EXPLANTATION: For two equal volumes of air the greater the temperature the more total thermal energy it contains.  Since the air upstairs is hotter it will contain more thermal energy per volume and the average molecular velocity will be greater.  Both floors contain the same types of molecules comprising the air so the average molecular mass will be the same on both floors.  The greater the air’s temperature the lower the air’s density.  
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8. While at a local fast food restaurant you notice your burger of choice, the triple mega burger with cheese, being heated by a heat lamp.  What is the primary mechanism, used by heat lamps, to heat up food?

a. Radiation in the form of infrared light.

b. Radiation in the form of visible light.

c. Convection of the air above the burger.

d. Conduction of the metal plate underneath the burger.

EXPLANATION: Heat lamps are designed to emit electromagnetic radiation with a peak wavelength in the infrared range although many do emit some visible light too.  While the heat lamp does heat up the air above and the metal plate below the heat lamp would nonetheless work in a vacuum where convection would not be present.  Radiation is the primary mechanism for heating up the burger and it is infrared light, and not visible light, that does the best job of heating.  
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9. You and your friends are spending an evening out under the stars when your friend comments that she sees stars of different color.  You, knowing a little about stargazing, point out a few of your favorites.  Which star is the hottest?

a. Rigel, a bluish looking star

b. Betelgeuse, a reddish looking star

c. Alpha Centauri A, a yellowish looking star 

d. Epsilon Indi, an orange-reddish looking star

EXPLANATION: Star color is an indicator of temperature since stars behave like blackbody objects.  The hotter the object the more its peak emission wavelength is shifted towards the blue end of the visible spectrum.  Reddish looking stars will be the coolest, then orange-reddish stars, then yellowish stars, and finally bluish stars will be the hottest.  The distribution of energy from a star very nearly follows a blackbody spectrum and is determined by temperature alone.
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10. While waiting in line at the grocery store you ponder the reason for an incandescent lightbulb’s filament being made of tungsten.  Which statement is correct regarding the use of tungsten as a filament?

a. Tungsten sublimes slower than other elements such as carbon. 

b. Tungsten has the highest melting temperature of any element.

c. Tungsten can produce a whiter light at lower temperatures.

d. Tungsten does not burn in air like a carbon filament would.

EXPLANATION: While carbon has a higher melting temperature than tungsten, carbon sublimes relatively quickly, unlike tungsten, and therefore would burn out quicker.  Because tungsten does not sublime as quickly it can operate at a higher temperature than carbon, producing a whiter light.  Tungsten will burn in air, just like carbon, and therefore needs protection from the air.   
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11. The Stefan-Boltzmann law expresses the relationship between temperature and emitted power of an object emitting thermal radiation.  According to this law, by how much will an object increase its emitted power if its absolute temperature were tripled?

a. 81 times

b. 3 times

c. 9 times

d. 12 times 

EXPLANATION: The power radiated by thermal radiation is proportional to the fourth power of its absolute temperature.  An object that is three times hotter will emit radiation at a rate of 3^4 or 81 times greater.  
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12. While at a McDonald’s you reminisce about the McDLT sandwich where the cool lettuce, tomato, and cheese were packaged separately from the hot patty in a two-sided container.  It would then be combined just prior to eating.  Which statement would be true about such a sandwich just assembled by the eater?

a. The total entropy increased as it reached thermal equilibrium.

b. The entropy of the hot patty increased as it cooled.

c. The total thermal energy of the entire isolated sandwich increased.

d. The thermal energy of the hot patty increased as it cooled.

EXPLANATION: When the two sides are brought into contact thermal energy moves from the hot patty to the cooler fixings.  The hot patty will cool and decrease in entropy while the cool fixings warm up, gain thermal energy, and increase in entropy.  The total thermal energy remains constant since it is an isolated system.  The now lukewarm sandwich is a more disordered state with higher entropy than the original separate hot/cool state.  
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13. It’s 98 degrees on a very hot July day and you decide to turn the air conditioner on to cool off a bit.  Which statement is true regarding the operation of your air conditioner?

a. The air conditioner’s evaporator reduces the entropy in the room.

b. The air conditioner’s condenser does work on the fluid.

c. The air conditioner’s compressor reduces the entropy of the system.

d. The air conditioner’s condenser transfers heat from outside to the fluid.

EXPLANATION: The evaporator lowers the temperature and thus entropy of the room.  It is the compressor, which does work on the fluid while also adding entropy by converting ordered electrical energy into disordered thermal energy.  The condenser transfers heat from the fluid to the outside as the fluid turns back into a liquid.  
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14. While looking for a new car you encounter a shady car salesman who makes some interesting claims.  Which claim is most probable?

a. This car is able to convert thermal energy into ordered energy.

b. This car is able to convert 100% of the heat into useful work.

c. This car is able to lower the entropy of the entire system.

d. This car is more efficient when the temperature difference is smaller.

EXPLANATION: A car’s engine is a heat engine that converts thermal energy into ordered energy as heat flows from a hot object to a cold object.  The second law of thermodynamics forbids 100% conversion of heat into work since it would lower the system’s entropy.  The total entropy can never decrease.  An engine can convert more thermal energy into work when the temperature difference is greater not less.
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15. While looking for a new car you investigate whether to purchase one with a turbocharger.  A turbocharger is designed to increase the engine’s power output.  Which statement is correct about how a turbocharger functions?

a. It pumps outdoor air into the cylinder during the induction stroke.

b. It decreases the gas’s temperature during the induction stroke.

c. It reduces the chance of spontaneous ignition known as knocking.

d. It allows the engine to burn less fuel during each power stroke.

EXPLANATION: A turbocharger uses a fan to pump outdoor air into the cylinder during the induction stroke.  Therefore it is able to burn more fuel each power stroke while it behaves like a larger engine.  Squeezing more air into the same volume increases the air’s temperature.  This may cause spontaneous ignition, or knocking, during the compression stroke however.      

