Foundations of Engineering


Chapter 14: Unit Conversions


Student-Accessible Questions











TRUE/FALSE QUESTIONS








1. In a coherent system of units, the volume and surface area of a cube of arbitrary dimension are equivalent.





	a.  true 


	b.  false





2. In an absolute system of units, mass, force and time are defined to be the fundamental dimensions, and acceleration is a derived dimension that can be computed using Newton's Second Law.





	a.  true 


	b.  false 





3. Pressurizing a pipe to 50 MPa would be less than a maximum allowable working pressure of 10 000 psi.





	a.  true 


	b.  false 





4. If a system of units satisfies the two properties that (a) both force and acceleration are fundamental dimensions that are defined and (b) mass is a dimension that is derived in terms of force and acceleration, that system of units is a gravitational system of units.





	a.  true 


	b.  false





5. If a system of units satisfies the two properties that (a) both force and acceleration are fundamental dimensions that are defined and (b) mass is a dimension that is derived in terms of force and acceleration, that system of units is an absolute system of units.





	a.  true 


	b.  false











6. The displacement of an automobile engine in cubic centimeters, 


given that the engine has a displacement of 152 cubic inches is = 386 cm3. 





	a.  true 


	b.  false





7. In a coherent system of units, the product of one unit of mass and one unit of acceleration is one unit of force. 





	a.  true 


	b.  false





8. SI is a coherent system of units.





	a.  true 


	b.  false





9. The American Engineering System of Units (AES) is a coherent system of units.





	a.  true 


	b.  false





10. A unit is said to be dimensionally homogenous if it can be derived from the set of base units used to describe the fundamental dimensions of the system. 





	a.  true 


	b.  false





11. In a Gravitational System of Units, the derived units for mass are kilograms.





	a.  true 


	b.  false





12. Constants in formulas never have units associated with them.





	a.  true 


	b.  false





13. The American Engineering System of units is a coherent, gravitational system.





	a.  true 


	b.  false











14. A mass of 32.2 slug is equivalent to a mass of 1.00 pound-mass.





	a.  true 


	b.  false


 


15. The measurements 0.524 km, 524 m, and 1720 ft are equivalent.





	a.  true 


	b.  false		





16. When the ventilation fan motor burned out, the temperature in a corn storage bin increased from 90oF to 135oF, a temperature rise of 45oF.  The corresponding temperature rise in degrees Celsius is 7.2oC





	a.  true 


	b.  false





17. The base units in the USCS system of units are the foot, slug and second.


	


	a.  true 


	b.  false





18. The fundamental dimensions in the gravitational system are length, temperature and force.





	a.  true 


	b.  false





MULTIPLE CHOICE QUESTIONS





1.  A 5-horsepower Honda generator will generate how many watts of electricity, assuming no losses in the conversion process?





	a. 11�	b. 550�	c. 3728�	d. 3.728�





2. Which of the following statements best describes a Gravitational System of Units : 





	a. both mass and force are derived dimension


	b. mass is defined to be a fundamental dimension


	c. neither force nor length are derived dimensions 		


	d. length, mass and time are all fundamental dimensions





3. To convert feet into meters, we multiply by 3.048 × 10-1; therefore,





	a. there are 0.3048 cm/ft


	b. there are 0.3048 ft/m


	c. there are 0.3048 ft/cm


	d. there are 0.3048 m/ft


	e. none of the above





4. In � EQ \s\up3(o) �C , a temperature reading of 652.5 � EQ \s\up3(o) �R is equivalent to


 


	a.  85.25 � EQ \s\up3(o) �C 


	b.  92.13 � EQ \s\up3(o) �C


	c.  109.9 � EQ \s\up3(o) �C


	d.  127.7 � EQ \s\up3(o) �C


	e.  none of the above





5.  A temperature change of 9 oF is equivalent to which of the following changes on the Celsius scale?





	a. -41 oC


	b. -13 oC


  	c.    0 oC


	d.    5 oC 


	e.    9 oC





6.  A temperature change of 5(C is equivalent to which of the following changes on the Fahrenheit scale?





	a.	5(F					


	b.	9(F					


	c.	32(F


	d.	41(F


	e.	100(F





7. A velocity is given as 15 miles per hour, what would be the approximate velocity in cm/sec.





	a.	40 000				


	b.	670					


	c.	340


	d.	0.34


	e.	none of these





8. The fundamental dimension for mass in the AES system(s) of units is:





	a.	lbm					


	b.	slug					


	c.	kg


	d.	mass


	e.	a and b





9. Determine the gravitational force (in newtons) on an auto with a mass of 2943 lbm.





	a. 13.10 kN


	b. 13.1 kN


	c. 141 kN	


	d. 63.7 kN


	e. none of the above





10. The materials handling system at a grain elevator can unload grain at a rate of about 10×103 tons per day.  Convert this rate to SI units.





	a. 100 kg/s


	b. 105 kg/s    


	c. 200 kg/s   


	d. 231 kg/ s    


	e. none of the above





11. What force in newtons is required to lift with uniform velocity a mass of 322 lbm if the acceleration of gravity is 10 ft/s2?





	a. 1.00 x 102 N


	b.  4.45 x 102 N 


	c.  3.22 x 103 N


	d.  1.43 x 104 N


	e. none of the above





12. If you are given the dimensions of a computer screen to be 14 in × 12 in, its area is





	a. 168 inches


	b. 1083 cm2


	c. 1.083 m2


	d. 1 ft2


	e. none of the above

















13.  Given the equation, p =krgz; where:  p is pressure, k is a conversion constant, r is density, g is acceleration due to gravity, and z is elevation.  Determine the conversion constant to calculate p in N/m� EQ \s\up3(2)  �when the units of r, g and z are lb� EQ \s\do3(m) �/ft� EQ \s\up3(3) �, ft/s� EQ \s\up3(2)  �and ft, respectively.





	a. 6.720 × 10� EQ \s\up3(-1) �


	b. 32.17


   	c. 1.488 


  	d. none of the above





14.  The shear strength of concrete is given by the equation:  � EMBED Equation.2  ���,  where Vc  = shear strength of the concrete (lbf/in2) and f'c = compressive strength of the concrete (lbf/in2 ).   What is the new equation if Vc  and f'c  both are expressed in units of Pa (1 Pa = 1 N/m2)?





	a. � EMBED Equation.2  ���	


	b. � EMBED Equation.2  ���	


	c. � EMBED Equation.2  ���	


	d. � EMBED Equation.2  ���	


	e. � EMBED Equation.2  ���








15. Conductive heat transfer is governed by the equation � EMBED Equation.2  ���; where Q is the heat transfer (Btu/h), A is the cross-sectional area (ft2), (T is the temperature difference (oF), and x is the spacing between the two surfaces (ft). What are the units of the thermal conductivity k?





	a. h · ft · oF/Btu


	b. Btu/(h · ft · oF)


	c. h · ft2 · oF/Btu


	d. Btu/(h · ft2 · oF)


	e. none of these
































16.  The shear strength of concrete can found using the empirical formula vc = C (fc)1/2 where: C = 2.00 and  vc  and fc  are both measured in lbf/in2.  What numerical value should be used for C if  vc  and fc are both measured in MPa?





	a. 6.02 	


	b. 0.166	


	c. 2.00		


	d. 0.500	


	e. 1.00





17.  If the mass of an object is 13.2 lbm on earth, what is the weight on the moon where the acceleration of gravity is assumed to be exactly 1/6 of that on earth?


	


	a. 2.20 lbf


		b. 2.20 slugs


		c. 2.97 N


		d. 5.99 kg


	e. 13.2 lbf





18. For the last several years, the Texas Aggie bonfire has had a fixed base diameter so that the total volume of wood used to build it can be expressed simply as a function of the height, H.  When the volume V is given in feet cubed and H is given in feet, the equation is: V = 318H.  What would be the equivalent equation if  V is given in meters cubed and H is given in meters?





	a. V = 318H		


	b. V = 96.9H		


	c. V = 1040H		


	d. V = 29.5H			


	e. V = 3420H





19.  An object has a mass of 18 kg on the moon.  How much does the object weigh on earth?   If needed, you may assume that the force due to gravity on the moon is 1/6 of that on the earth. 





	a. 3.0 kg


	b. 18 kg


	c. 180 N


	d. 30 N


	e. 1.2 slugs




















20.  If the mass of an object is 13.2 lbm on earth, what is the weight on the moon where the acceleration of gravity is is assumed to be exactly 1/6 of that on earth?


	


	a. 2.20 lbf


		b. 2.20 slugs


		c. 2.97 N


		d. 5.99 kg


	e. 13.2 lbf





21.  A petroleum pipeline has a flow rate or throughput of 110,000 barrels per day. Convert the flow rate to SI units. (1 barrel = 42 gallons, 1 gallon = 3.7854 x 10� EQ \s\up3(-3)  �m� EQ \s\up3(3) �)





	a.  1.2 x 10� EQ \s\up3(1)   �m� EQ \s\up3(3) �/s


	b.  2.0 x 10� EQ \s\up3(-1)  �m� EQ \s\up3(3) �/s 


	c.  8.0 x 10� EQ \s\up3(1)   �m� EQ \s\up3(3) �/s


	d.  none of the above





22.  The ideal gas law is given by pV = nRT; where:  p is pressure, V is volume, n is amount of gas, R is universal gas constant and T is temperature.  What should the SI units of R be in order for the equation to be dimensionally homogeneous?





	a.  � EQ \f(J,mol-K) �





	b.  � EQ \f(N,mol-K) �





	c.  � EQ \f(Pa,mol-K) �





	d.  none of the above





23.  Dynamic viscosity is the product of kinematic viscosity (m� EQ \s\up3(2) �/s) and density.  What are the fundamental dimensions of dynamic viscosity?





	a.  Pa·s





	b. kg/(m·s)





	c. [M/(L·T2)]





	d. [M/(L·T)]


	


	e. none of the above

















24.  What is the temperature difference,  DT = T2 - T1, when T2  = 10 OC and T1 = 14 OF?





	a.  20 K


	b.  20 OC


	c.  36 OF


	d.  36 OR


	e.  all of the above





25. What force in newtons is required to lift with uniform velocity a mass of 100 lbm if the acceleration of gravity is 32.174 ft/s2?





	a.  1.00 × 102 N


	b.  4.45 × 102 N  


	c.  3.22 × 103 N


	d.  1.43 × 104 N	  


	e.  none of the above





26. What is the “specific weight” (force per unit volume) of a liquid having a density of 0.80 g/cm3 on the surface of the moon where the acceleration of gravity is 1.67 m/s2. 





	a.  1.34 mN/m3 


	b.  1.34  N/m3


	c.  1.34 kN/m3


d.  1.34 MN/m3


	e.  none of the above 








WORK OUT QUESTIONS





1. Van der Waals related the temperature, pressure and volume of a gas by the following formula:  p = � EQ \f(RT,v-b)  �- � EQ \f(a,v\s\up3(2))   �where p is the pressure, R is the gas constant, v is the molar volume (v = V/n) and a and b are constants.  Determine the dimensions of R, a and b. 





2.  A student weighs exactly 125 lb� EQ \s\do3(f)  �on earth at a location where g = 32.05 ft/s� EQ \s\up3(2) �. How much does the student weigh on the moon where g = 5.35 ft/s� EQ \s\up3(2) �? 








3. The basic equation of hydrostatics can be written Dp = -rgh, where Dp is the change in fluid pressure corresponding to an increase in height h, r is the density of the fluid and g is the gravitational acceleration.  The equation is dimensionally homogeneous and in the SI system, the units of the equation are coherent.  Find the conversion factor to calculate Dp in Pa when r is expressed in g/cm� EQ \s\up3(3) �, g in cm/s� EQ \s\up3(2)  �and h in cm.  








4. The universal law of gravity for the force of attraction between two masses may be written as:  F = (6.673×1011�) m1m2/r2	where F is the force of attraction in newtons; m1, m2 are masses in kilograms; and r is separation distance in meters.


	


	a. Determine a new constant for F in lbf, m1 and m2 in lbm, and r in miles.





	b. Check your work by computing the force of attraction between two masses, each 1 kg, separated by 1 m.  Compute the force using both equations, and verify that you get the same answer using both.





5. The equation of state for a particular substance can be written  p = 1723rT where





	p = pressure in lbf/ft2


	r = density in slug/ft3


	T = absolute temperature, OR





Determine a new constant so that the equation is valid for p in pascal, r in kg/m3, and T in kelvin.









































