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Problem 2.2 
 
Use Excel to create a Gantt chart of the following activities shown in Table P2.2b.  Make sure 
you show duration and slack time.  What are the critical path activities? 
 

Activity Description Preceding Activity Duration (days) 

A Determine Probe Velocity  1 

B Calculate Drag Force A 1 

C Determine Motor HP and Speed B 1 

D Determine Drum Diameter  1 

E Determine Speed Reducer  C, D 1 

F Design Drum D 2 

G Integrate Retrieval System E, F 2 

H Determine Control Scheme C 1 

I Select Control Components H 2 

J Integrate Control Components I 3 

K Program PLC H 4 

L Test System G, J, K 2 

M Complete Documentation L 1 

 
Solution: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Answer: 
 
Critical Path:  A-B-C-H-I-J-L-M.  Note that F is not critical because on G depends upon its 
completion and G contains slack time. 
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Problem 2.3 

 
Lightbulbs are rated by their power consumption in watts (W).  Electricity is sold in units 
of energy, which is power multiplied by time.  Electricity costs vary widely across the 
United States and are on the order of 0.06–0.23 $/kW-hr for residential customers.  Create 
a spreadsheet that utilizes electricity costs and the number of hours per day that a 
lightbulb is on as input variables.  Then calculate the annual cost to operate a 60-W, 75-W, 
and 100-W incandescent bulb and a 15-W compact fluorescent bulb.  Assuming the average 
household operates six 60-W, four 75-W, and two 100-W incandescent bulbs for 6 hours a 
day, how much money can they save by changing all the bulbs to compact fluorescent? 
 
Solution: 
 

 
 
 
Answer: 
 
Annual Savings:  $89.35 ($0.06/kW-hr) - $342.52 ($0.23/kW-hr). 
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Problem 2.4 
 
Create a spreadsheet that calculates the log10 and loge (natural log) of integers from 1 to 
100. 
 
Answer: 
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Problem 2.5 
 
Create a spreadsheet that calculates the square root and cube root of integers from 1 to 
100. 
 
Answer: 
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Problem 2.6 
 
Create a spreadsheet that calculates the circumference and area of circles with diameters 
ranging from 1 cm to 100 cm in 1-cm increments. 
 
Answer: 
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Problem 2.7 
 
Create a spreadsheet that calculates the perimeter and area of squares with side lengths 
ranging from 1 cm to 100 cm in 1-cm increments. 
 
Answer: 
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Problem 2.8 
 

Create a spreadsheet that calculates the surface area and volume of cubes with side lengths 
ranging from 1 inch to 100 inches using 1-inch increments. 
 
Answer: 
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Problem 2.9 
 
Create a spreadsheet that calculates the surface area and volume of spheres with diameters 
ranging from 1 inch to 100 inches using 1-inch increments. 
 
Answer: 
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Problem 2.10 
 
Create a single spreadsheet to perform the following unit conversions, taking a value in SI 
units as the input and returning the value converted to U.S. Customary units: 

a) Centimeters to inches 
b) °C to °F 
c) Newtons to pounds 
d) Meters per second to miles per hour 

Use comments in your cells to cite the reference used to determine the unit conversion 
values. 
 
Answer: 
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Problem 2.11 
 
Create a single spreadsheet to perform the following unit conversions, taking a value in U.S. 
Customary units as the input and returning the value converted to SI units: 

a) Feet to meters 
b) Pounds per square inch (psi) to newtons per square meter (pascals) 
c) Horsepower to watts 
d) U.S. gallons to cubic meters 

Use comments in your cells to cite the reference used to determine the unit conversion 
values. 
 
Answer: 
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Problem 2.12 
 
Consider the analytic solution of the projectile problem described in Section 1.1.2.  Create a 
spreadsheet that will allow the user to enter the launch speed and angle, and will compute 
the peak height, flight time, and horizontal distance travelled using the analytic equations.  
Calculate the peak height, flight time, and horizontal distanced travelled for a launch speed 
of 150 m/s and an angle of 60°. 
 
 
Solution:   
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
Answer:  The flight time is 26.5 s, the peak height is 860 m, and the horizontal distance is 
1986 m.  



- 12 - 

 

Problem 2.13 
 
A typical thickness for a sheet of paper is 0.004 inches.  If you fold a sheet of paper once, the 
thickness of the folded paper will double to a value of 0.008 inches.  A second fold will 
result in a folded thickness of 0.016 inches.  Create a spreadsheet that shows the number of 
folds from 0 to 50 and the resulting thickness of each fold.  Calculate the resulting thickness 
in units of inches, feet, and miles. 
 
Answer: 
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Problem 2.14 
 
We learned in Example 2.3 that ball bearings are hardened through a process of  heating 
and then rapid cooling or “quenching” by submersion in an oil or water bath.  The 
temperature of the ball as a function of time,  in the bath may be estimated by 
Equation 2.3, repeated here: 

 
 
                                              

where is the time in seconds in the bath;  is the initial ball temperature; is the oil 
temperature; and τ is the time constant in seconds that depends upon the material of the 
ball, the geometry of the ball, and oil properties.  Create a spreadsheet that utilizes , , 
and  as input variables and calculates the ball temperature for times from 0 to 180 
seconds at 1-second intervals.  Assume the time constant  = 50 s. 
 
Assuming an initial bearing temperature of 800°C and an oil temperature of 40°C, how long 
does it take for the ball to cool to a temperature of less than 100°C? 
 
Solution: 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Answer:   The ball cools to less than 100 °C after about 127 s.  
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Problem 2.15 
 
Numerical grades for 5 students and 7 assignments are shown in Table P2.15.  Create a 
spreadsheet that determines the average numerical grade for each of the students and then 
assigns a letter grade (A, B, C, D, F) based on a 10-point scale (greater than or equal to 90 
equals an A, greater than or equal to 80 and less than 90 equals a B, etc.). 
 

Table P2.15  Student Grades 

Student 
Assignment Grade 

1 2 3 4 5 6 7 

A 95 60 89 90 92 80 87 

B 92 100 93 87 90 85 90 

C 88 60 76 89 70 40 60 

D 90 87 70 89 92 85 85 

E 78 90 94 89 98 95 97 

 
 

Answer: 
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Problem 2.16 
 
The time constant in Problem 2.14 is given by: 

 

 

                                                                       
where  is the material density of the ball in g/cm3,  is the diameter of the ball in cm,  is 

the specific heat capacity of the material in J/g°C, and  is the heat transfer coefficient 
between the ball and the oil in W/cm2°C.  Table P2.16 lists the material properties for 
aluminum, copper, gold, nickel, and steel. 

 
   Table P2.16  Thermal Properties of Selected Metals 

 Aluminum Copper Gold Nickel Steel 
Density (g/cm3) 2.77 8.92 19.30 8.90 7.83 
Specific Heat 
Capacity (J/g°C) 

0.875 0.385 0.129 0.444 0.434 

 
Assume a convective heat transfer coefficient of 0.3 W/cm2°C.  Create a spreadsheet that 
utilizes the material, the ball diameter D, the convective heat transfer coefficient h, and the 
temperatures and , as input variables.  Use a lookup table to look up the thermal 
properties based upon the material and then calculate the temperature of the ball for times 
from 0 to 600 seconds in 1-second increments.  Assume the initial ball temperature is 
400°C, the oil temperature is 100°C, and the ball diameter is 0.5 cm.  Which material cools 
the fastest?  
 
Solution:   Note:  Only the first 6 seconds are shown.  The quenching is very fast and a 
better analysis would be to calculate 0 – 10 s at 0.1 second increments 
 

 
 
Answer:  Based upon the first two seconds of cooling, the gold cools the fastest. 
Note:  There is an error in the property table for the tabulated properties of copper.  The 

properties shown here are correct.  This error does not change the answer. 
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Problem 2.17 
 
Create a spreadsheet to calculate the weight of a sphere in pounds.  Inputs will be the 
diameter of the sphere (in inches) and the material.  Use a lookup table to find the specific 
weight (weight/volume) of the material chosen from the list in Figure P2.17.  Use Figure 
P2.17 to check your formula for the weight of the sphere. 

 
 
 
 
 
 
 
 

 
 

 
Figure P2.17 

Answer:  

 
Notes: 

1. The specific weight of titanium in the table is incorrect.  The correct value is shown 
in the answer. 

2. For the lookup table to function properly, the parameter range_lookup must be set 
to false.  This is necessary because the materials are not listed in alphabetical order. 

 
    

  



- 17 - 

 

Problem 2.18 
 
Solve the boiling temperature problem from Example 2.7 in the chapter using linear 
interpolation in place of the lookup table. 
 
Answer:  
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Problem 2.19 
 
At sea level, average atmospheric pressure is about 14.7 pounds per square inch (psi).  At 
altitude, pressure decreases.  As the pressure decreases, there are fewer air molecules in a 
given volume.  Therefore, baseballs fly further at Coors Field in Denver (elevation = 5280 
feet), and it is very difficult to breathe on Mt. Everest (elevation = 29,035 feet).  Create a 
spreadsheet that allows a user to input an elevation between 0 and 50,000 feet and 
estimates the atmospheric pressure based on Table P2.19.  Use linear interpolation to 
estimate values between the data points shown in the table.   If a value of less than 0 or 
greater than 50,000 feet is entered, then “Out of Range” should be displayed in the 
spreadsheet. 

 
               Table P2.19  Air Pressure as a Function of Altitude 

Altitude, feet Air Pressure, psi 

0 14.70 

1,000 14.16 

2,000 13.66 

3,000 13.17 

4,000 12.69 

5,000 12.23 

10,000 10.10 

20,000 6.76 

30,000 4.37 

40,000 2.73 

50,000 1.69 

 
Answer:  
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