Lecture 18

1. As a child, I was desperate to learn to whistle.  When a person whistles, they purse their lips and force a stream of air through the small hole formed.  The pressure of the air stream outside the lips is

A. lower than the pressure in the mouth and higher than in the hole formed by the lips

B. higher than the pressure in the mouth and lower than in the hole formed by the lips

C. lower than the pressure in the mouth and lower than in the hole formed by the lips

D. higher than the pressure in the mouth and higher than in the hole formed by the lips

Air is a fluid and the air in the mouth has a higher pressure since the cheeks are acting to help compress the air much like a pump.  As the air flows through the constriction of the lips, it speeds
up and the pressure drops.  Once outside the mouth the air stream slows and pressure rises to atmospheric pressure.
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2.  The Naval shipyard in my hometown builds a miniature stealth submarine that is being tested in the waters that flow eastward just off the coastline.  The submarine is coated with a special paint to reduce drag.  While pointing west the submarine exerts just enough thrust to maintain its position in the slow moving current.  The pressure on the submarine is

A. greater at the head and tail, but less at the sides

B. less at the sides and head, but greater at the tail

C. greater at the sides and head, but less at the tail 

D. less at the head and tail, but greater at the sides

In a slow current the shape and coating of the submarine, like that of a dolphin, encourages laminar flow around the surface, so the pressure decreases along the sides of the sub but increases at the front and back.
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3. Parasailing, where a person attached to a parachute-type canopy is pulled by a boat and lifted into the air, is a popular sport in the coastal United States where I live.  To maximize the distance one is lifted into the air, the design of the parasail should encourage 

A. turbulent wake flow where the air pressure is lower on the top of the sail

B. laminar flow where the air pressure is greater at the top and bottom of the sail

C. turbulent wake flow where the air pressure is higher on the top of the sail

D. laminar flow where the air pressure is lower at the top and bottom of the sail

A turbulent wake at the top of the parasail means lower air pressure at the top, while the motion of the boat pulling the parasail forward creates high pressure under the parasail.  Both actions create the lift needed to send the parasailer skyward.
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Hurricanes are a fact of life if you live in the southern coastal regions of the United States as I do.  The wind speed of a hurricane often causes the roofs of houses to be lifted off the frame of the house.  The primary reason this occurs is because the hurricane’s wind speed

A. creates low pressure at the roof peak while atmospheric pressure remains in the attic

B. over the roof creates higher than atmospheric pressure in the attic

C. impacts the sides of the house creating turbulence and high pressure lift

D. creates low pressure drag along the sides of the house 

The speed of the wind increases as it flows over the roof of the house creating an area of low pressure above the roof.  The pressure in the attic remains at ambient atmospheric pressure, and the pressure imbalance causes the roof to lift off the house.
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The Navy Blue Angels jet team put on quite a show at the Pensacola, Florida, Naval Air Station near my home.  Smaller propeller-driven airplanes tend to have wings with large surface areas while comparably sized fighter jets (like the Navy Blue Angels) have greater weights but wings with smaller surface areas than prop planes.  Which of the following must a jet have as compared to a propeller-driven plane?

A. faster take-off and landing speeds

B. a more curved, asymmetric wing 
C. less kinetic energy transfer between the wing and air

D. a longer and thicker profile to their wings
Because of the smaller wing area but the greater overall weight of a jet, there must be a much greater airflow over the wing to induce the necessary lift, so the jet accomplishes this by greater speeds in flight, while taking off, and when landing.  A prop plane wing actually gets more lift due to the wing curvature and asymmetry while a jet gets lift as a result of speed, so its wing is less curved and more symmetric.  The speed of the jet will impart a greater kinetic energy to the air during flight, and since a fighter jet needs maximum speed, its wings have a shorter and narrower profile to decrease drag.  
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The de Laval nozzle is the most effective nozzle shape currently known for the exhaust of a rocket and is used on the space shuttle which is tested at Stennis Space Center just a few miles from my home.  The de Laval exhaust has a converging shape that then diverges into a larger cone.  The exhaust gases in the de Laval nozzle

A. are pushed backwards by the rocket and give the rocket forward momentum

B. push backwards on the air and impart a forward acceleration to the rocket
C. have a higher kinetic energy outside the rocket at lift-off than inside the rocket while in flight
D. transfer all their momentum but only part of their kinetic energy to the rocket after combustion
The rocket’s propulsion occurs when the exhaust gases are pushed rearward and, from Newton’s Third Law, the gases push forward which gives the rocket a forward acceleration and forward velocity which results in a forward momentum
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A spacecraft that is orbiting the earth has a trajectory that can be elliptical depending on its inertia and the earth’s gravity.  When the satellite is at position B, it is two times as far from the earth’s center as when it is closest to the earth.  The force of gravitational attraction between the earth and the satellite at position B is

A. one-fourth as strong as when closest to the earth

B. one-half as strong as when closest to the earth

C. one-eighth as strong as when closest to the earth

D. one-sixteenth as strong as when closest to the earth

According to Newton’s Law of Universal Gravitation, the force of gravitational attraction is inversely proportional to the square of the distance between the objects.  So if the satellite is twice as far away, it has one-fourth the attraction.  If three times as far away, it has one-ninth the attraction.
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Some of my relatives live in Michigan, where whole home heaters send heated air through ducts to vents located in the house to warm the entire house.  For houses that are built in colder areas of the country, the vents should be located

A. in the walls close to the floor so air is pushed horizontally into the room

B. in the ceiling so the air is pushed downward into the room

C. in the top of the room’s corners so the air flows diagonally into the room

D. in the floor so the warm air is pushed upwards into the room

Since warm air rises, the best way to warm a room is to direct the air horizontally across the top of the floor so the warm air molecules spread out and then rise, warming a larger volume of the room.  Air from the floor vents simply rises straight up in a stream to the ceiling leaving most of the room still chilled.  Warm air from above never makes it to the lower part of the room due to the higher density of the cold air there.
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Camping is a tradition where I live.  Two campfires are lit at a campsite on a cold night.  One campfire has been burning for a while and has smaller logs but you see a lot of glowing coals under the wood logs.  The second campfire is about twice the size of the first and has larger wood and no glowing coals, but a fire is licking out from in between the stacked logs.  To be the warmest, you sit next to

A. the smaller campfire because the glowing coals emit the most infrared radiant heat

B. the smaller campfire because you can sit closer and get maximum heat radiation

C. the larger campfire because a larger fire gives off more heat radiation

D. the larger campfire because the larger wood has the most thermal energy

The glowing coals in a fire are the hottest part of the fire and emit the most radiant heat energy.  The larger fire has no coals and most of the radiant heat of the fire is blocked off by the wood since only some of the fire can be seen between the logs, so little heat energy is being radiated.  Convection is primarily upwards instead of to the sides, so it has a limited effect on you.
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Thomas Edison used carbon filaments in his light bulbs, but today incandescent light bulbs use tungsten filaments.  A new filament is being tried at a factory that needs longer lasting and brighter light from its bulbs.  For best results, the filament in the bulb should 

A. have a higher melting point and sublime less than regular filaments to extended life and brightness
B. have a thicker filament to limit subliming which will give it more surface area and more brightness
C. have a higher melting point but higher surface area so it radiates light better for a longer time
D. be a metal with few free electrons which increases thermal radiation and longevity 
At higher temperatures the tungsten filament sublimes at a greater rate and may melt if it gets too hot, so a filament that melts at a higher temperature and sublimes less at higher temperatures than tungsten would give a brighter light for a longer time and is the best choice.
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A halogen bulb emits whiter light than a regular incandescent bulb.  The halogen bulb does this by

A. operating at a higher temperature so the spectrum center is shifted toward visible light

B. increasing the emissivity of the filament in the infrared spectrum which increases its brightness
C. stimulating the halogen gas to emit photons of light as the gaseous atoms are electrically excited
D. initiating a chemical reaction between the metal filament and halogen gas with light as a product 
By operating at a higher temperature the spectrum center is shifted toward visible light since more thermal energy is released in the visible light spectrum and the bulb appears brighter to the human eye 
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As a representative for a company, I used to travel a lot and often carried an electric cooler.  The electric cooler plugs into your car lighter outlet and acts like a small refrigerator.  On really hot days, I would open the cooler door on the side and I could feel the cold air flow out of the cooler.  Which of the following happened when I left the cooler door open?

A. the interior of the car gets warmer and the entropy inside the car increases

B. the interior of the car gets cooler and the entropy increase is offset by the decrease in thermal energy of the air

C. heat expelled by the cooler is offset by the cold air so the interior temperature does not change 

D. The heat expelled is less than the cold air added and total entropy decreases 

Total energy expelled equals heat removed plus work done to remove it, so leaving the cooler door open means more heat has to be removed from the cooler interior.  To remove heat from the inside of the cooler takes work from ordered electrical energy, and the work done to remove a single unit of thermal energy from the cooler results in more than one unit of thermal energy being transferred to the atmosphere as disordered energy.  The increase in disordered thermal energy means the temperature of the car interior will increase and the entropy inside the car must also increase.
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In my dorm room at college we thought we understood a little physics and put a room temperature 2-liter bottled soda in a shallow bowl filled with room-temperature water, then draped a towel over the soda bottle with the ends of the towel in the water.  The water wicked up the towel around the soft drink and evaporated into the dry dorm room air.  We expected it to cool the drink down.  Which of the following happened?

A. the soda cooled because the evaporating water removed thermal energy from the soda

B. the soda warmed up because the net movement of the water rubbed the bottle generating friction

C. the soda cooled because the dry air prevented the condensation of an insulating water layer on the bottle

D. the water and soda were at thermal equilibrium so there was no temperature change

The soda cooled because the evaporating water removed thermal energy from the soda.  Much like when sweat evaporates off your skin to cool you, the water in the towel needs energy to evaporate.  Since the humidity in the room is low, the water in the towel evaporates quickly carrying thermal energy with it while increasing the entropy of the air.  The driving element in this is entropy since the evaporating water is trying to increase the disorder of the more ordered dry air.  I originally heard of this trick from my grandfather, who told me that was how they kept milk cool when he was a child since they had no refrigerator.  
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When riverboat gambling first came to my state, some of the riverboats advertised they were “like the original old-time steamboats of the riverboat gamblers” meaning they operated with a steam engine.  At which of the following boiler temperatures and atmospheric temperatures would the steam engine on the riverboat operate at maximum efficiency?

A. 180 degrees Celsius and 10 degrees Celsius

B. 150 degrees Celsius and 10 degrees Celsius

C. 180 degrees Celsius and 25 degrees Celsius

D. 150 degrees Celsius and 25 degrees Celsius

The most engine efficiency for a heat engine is when there is the largest temperature difference between the hot body releasing the heat and the cold body absorbing the heat, so the highest efficiency would be when the boiler is hottest (180 degrees) and the atmosphere is coldest (10 degrees).  
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My brother bought a Trans Am sports car with a turbocharger when he graduated from high school.  When he wanted a burst of speed he used the turbocharger to get the power boost to “peel his wheels” on the asphalt and leave a streak of smoking rubber.  The turbocharger helped accomplish this by

A. forcing more air into the cylinder to mix with the fuel to maximize the work done on the engine

B. pumping excess fuel into the cylinder so the fuel combustion occurs at a higher temperature

C. charging the electrical system with an increased wattage causing a stronger spark in the cylinder

D. cooling the radiator so there is a larger temperature difference in the engine to increase efficiency  

A turbocharger works by forcing more air (and so more oxygen) into the engine cylinder to mix with the fuel being injected.  More oxygen means more of the fuel can be completely combusted and more energy is obtained from the fuel so more force is transferred to the cylinder head during the power stroke in the engine.   
