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1-4C
What is the difference between pound-mass and pound-force?

A pound mass is a unit of mass, which is equal to 0.45359237 kg.  A pound-force is a unit of force, which is equal to 4.44822 N.  The pound-mass (lbm) and pound-force (lbf) are related by the following expression.
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1-7
A 3 kg plastic tank that has a volume of 0.2 m3 is filled with liquid water.  Assuming the density of water is 1000 kg/m3, determine the weight of the combined system.

The weight of the combined system, Wtot, is the product of the total mass, mtot, and the acceleration of gravity, g = 9.807 m/s3.  The total mass is the sum of the tank mass, mtank = 3 kg, and the mass of the water, mH2O.  The mass of the water is the product of the tank volume, Vtank = 0.2 m3 and the density of the water, H2O = 1000 kg/m3.  Translating these statements into equations (and applying the unit conversion for newtons) gives the following result.

mtot = mtank + mH2O = mtank + H2O Vtank = 3 kg + (1000 kg/m3)(0.2 m3) = 203 kg
Wtot, = mtot g = (203 kg)(9.807 m/s2)[1 N•s2/(kg•m)] = 1,991 N
1-8
Determine the mass and the weight of the air contained in a room whose dimensions are 6 m X 6 m X 8 m.  Assume the density of air is 1.16 kg/m3.

The weight of the air, Wair, is the product of the air mass, mair, and the acceleration of gravity, g = 9.807 m/s3.  The mass of the water is the product of the room volume, Vroom = (6 m)(6 m)(8 m) = 288 m3 and the density of the air, air = 1.16 kg/m3.  Translating these statements into equations  (and applying the unit conversion for newtons) gives the following result.

mair = air Vroom = (1.16 kg/m3)(288 m3) = 334 kg
Wair, = mair g = (334.08 kg)(9.807 m/s2)[1 N•s2/(kg•m)] = 3.28x103 N
1-10E
A 150 lbm astronaut took his bathroom scale (a spring scale) and a beam scale (compares masses) to the moon where the local gravity is g = 5.48 ft/s2.  Determine how much he will weight\ (a) on the spring scale and (b) on the beam scale.

(a)
The response of the spring scale is proportional to the force applied to the spring by the weight placed on the scale.  In this case, we have weight of the astronaut, Wa, which is the product of the astronaut’s mass, ma = 150 lbm, and the local acceleration of gravity, g =5.48 m/s2.  Thus, the spring balance will measure the following weight, in pounds force, using the appropriate conversion factor.
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(b)
I think that this is actually a trick question.  Beam balances do not measure weight.  Instead, they compare the unknown mass in one side of the balance with known masss in the other side.  When the masses on both sides are the same, regardless of the local gravitational field, the beam is in balance.  The unknown mass must therefore be equal to the sum of the known masses placed on the other side.  Thus the beam scale would tell the astronaut that his or her mass was 150 lbm, but it would not measure the astronaut’s weight.

1-37E
A Ford Tarus driven 15,000 miles per year will use about 715 gallons of gasoline compared to a Ford Explorer that would use 940 gallons.  About 19.7 lbm of CO2, which causes global warming, is released to the atmosphere when a gallon of gasoline is burned.  Determine the extra amount of CO2 production a man is responsible for during a 5-year period if he trades his Tarus for an Explorer.

This problem looks at simple unit conversions to imply relationships.  Since each gallon of gasoline burned emits eCO2 = 19.7 lbm of CO2, the emissions of CO2, E, over any number of years, N, are proportional to the total gallons of gasoline, G, burned over the N-year period.  If we know the gallons of gasoline used pre year, gy, the total gallons is simply the product of these annual gallons times the number of years, N.  Translating these statements into an equation gives the following.

E = eCO2 G = eCO2 N gy

Applying this equation to the data for the Tarus (gy,Tarus = 715 gal/yr) and the Explorer (gy,Explorer = 940 gal/yr) gives the following results.

ETarus = eCO2 N gy,Tarus = (19.7 lbm/gal)(5 yr)(715 gal/yr) = 70,427.5 lbm
EExplorer = eCO2 N gy,Explorer = (19.7 lbm/gal)(5 yr)(940 gal/yr) = 92590 lbm
Taking the difference between these two and converting to units of tons gives the answer.

EExplorer – ETarus = [92590 lbm - 70,427.5 lbm](1 ton/2000 lbm) = 11.08 tons
1-41
A typical car driven 12,000 miles per year will emits to the atmosphere about 11 kg per year of NOx (nitrogen oxides) which causes smog in major population areas.  Natural gas burned in a furnace emits about 4.3 g of NOx per therm and the electric power plants emit about 7.1 g of NOx per kWh of electricity produced.  Consider a household that has two cars and consumes 9,000 kWh of electricity and 1,200 thermos of natural gas.  Determine the amount of NOx emission to the atmosphere per year for which this household is responsible.

This problem looks at how unit conversions can define relationships.  The total NOx emissions for the household, E, is the sum from all three sources: Ecar from the two cars, Egas from gas use, and Eelec from electricity use.  In each case, the emissions are an emissions factor, e, times a use rate, U.  (Assume that the consumption of 9000 kWh and 1200 therms are an annual use rate.)  We can find each of these as follows.  The emissions from the two cars is simply two times the annual emissions from the typical car of 11 kg/year.  Thus, Ecar = 22 kg.  The total emissions from the other two sources are then found from the problem data as follows.

Egas = egas Ugas = (4.3 g/therm)(9000 therm)(1 kg/1000 g) = 38.7 kg

Eelec = eelec Uelec  = (7.1 g/kWh)(1200 kWh)(1 kg/1000 g) = 8.52 kg

Adding the emissions from the three sources gives the total for the household.

E = Ecar +  Egas + Eelec = 22 kg + 28.7 kg + 85.2 kg = 91.1 kg
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