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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)
Determine Probe Velocity 1
Calculate Drag Force A
Determine Motor HP and Speed B
Determine Drum Diameter
Determine Speed Reducer C,D
Design Drum D
Integrate Retrieval System E, F
Determine Control Scheme C
Select Control Components H
I
H

Integrate Control Components
Program PLC

Test System G,
Complete Documentation L

~
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Solution:

Activity

Determine Probe
Velocity
Calculate Drag
Force

Determine Motor
HF and Speed
Determine Drum
Diameter
Determine Speed
Reducer

F Design Drum

Integrate
Retrieval System
Determine
Control Scheme
Select Control
Components
Integrate Control
Components

K Program PLC

L Test System

Complete
Documentation

Duration
Slack Time

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:
iy B e n] E
1 Time Per Day (hours) |3
2 Electricity Cost (S/KW-hr) 0.06
E]
4 Bulh Fower Mumhber Used 2nnual kW-hr 2&nnual Cost
5 &0 W lncandescent &0 ) TE8.4 5 47,30
= 75 W lncandescent 75 4 637 5 39.42
T 100 W Incandescent 100 2 438 5 26.28
g 15 W Cormpact Fluorescent 15 12 394.2 5 23.65
9
10 Cost Incandescent g 113.00
11 Cost Compact Fluorescent S 23.65
12
13 Savings S 89.35
14
Answer:

Annual Savings: $89.35 ($0.06/kW-hr) - $342.52 ($0.23/kW-hr).



Problem 2.4

Create a spreadsheet that calculates the logio and loge (natural log) of integers from 1 to

100.
Answer:
Integer Log 10 Loge Integer Log 10 Loge Integer Log 10 Log e Integer Log 10 Log e
1 0.00o000  o.a0ooo 26 1.41497 325810 51 1.70757F 3.931835 = 1.88081 4.33073
2 0.30103 0.69515 27 1.453156 35.29554 52 1.71600 3.95124 77 1.85649 4. 3433581
] 047712 1.095681 25 1.44716 35.33220 535 1.72425 3.97029 75 1.89209 4 35671
4 050206 1.38629 29 1.45240 335730 54 1.73239 3.985893 79 1.59763 4.3594%5
5 0.69597 1l.a0944 30 1.47712 3.40120 55 1.74036 4.00733 g0 1.90309 4.35203
] 0.7781s 1.79176 31 1.491355 3.43399 =13 1.74819 4.02535 g1 1.90549 4.39445
7 0.84510 1.94591 32 1.50515 3.46574 = 1.75557 4.04305 82 1.9153581 4.40672
1 8 090309 207944 335 1.51851 3.49851 58 1.76343 4.06044 83 1.91908 4.41884
9 0.95424 219722 54 1.553145 3552636 59 1.77085 4.07754 54 1.92425 4.435082
4 10 1.00000 230259 55 1.54407 3555535 &0 1.77815 4.09434 55 1.92942 4 44265
] 11 1.04139 2.39790 36 1.55630 3.58352 =31 1.73533 4.110&87 =13 1.93450 4.4543%5
12 1.07915 2.45491 37 1.56520 3.61092 62 1.79239 412713 = 1.93952 4.48591
1 13 1.11394 2.56495 35 1.57975 3.63759 63 1.7993534 4.143135 1=} 1.94445 4.47734
1 14 1.14613 2.63906 39 1.59106 3.66356 54 1.80618 4.158885 89 1.94939 4.455864
15 1.17609 270805 40 1.60206 3 68888 &5 1.81291 4.17439 a0 1.95424 449981
i 16 1.20412 277259 41 1.61278 35.71357 =13 1.81954 415965 91 1.95904 4.51086
1 17 1.253045 283521 42 1.625325 373767 &7 1.82607 4.20469 oz 1.96379 452179
1 15 1.25527 2.89037 43 1.63347 3.76120 [=1=] 1.53251 4.21951 a3 1.96845 4.53260
L 19 1.27875 2.94444 44 1.64345 3.7541%9 a9 1.538585 4.23411 94 1.97313 4.54329
) 20 1.30103 299573 45 1.65321 3.50666 Fo 1.54510 4.24550 a5 1.97772 4.55385
i 21 1.32222 3.04452 46 1.66276 3.828064 71l 1.85126 4.26265 96 1.95227 4.564355
22 1.34242 309104 47 1.67210 385015 72 1.85733 427667 a7 1.98677F 457471
3 25 1.36173 35.13549 45 1.65124 3587120 75 1.86352 4.29045 95 1.99125 455497
3 24 1.35021 3.17505 49 1.69020 3.89152 74 1.86925 4.30407 99 1.99564 4.59512
25 1.39794 3.21585 50 1.69897 3.91202 75 1.57506 4.31749 100 2.00000 4.60517



Problem 2.5

Create a spreadsheet that calculates the square root and cube root of integers from 1 to
100.

Answer:

Integer sqrt Cube Root Integer sqrt Cube Root Integer sqrt Cube Root Integer sqrt Cube Root
1 1.00000 1.00000 26 5.09902 29456250 51 7.14143 35.708435 7a 8.71780 4.23582
2 1.41421 1.25992 27 5.19615 300000 52 F.21110 3.73251 FT 8.774596  4.25432
5 1.73205 1.44225 25 5.29150 35035659 535 F.28011 575629 7E 8.83176 4.27266
4 2.00000  1.55740 29 5.538%16 307232 54 F.534347 377976 Fa 5.58319 4.29034
5 223607  1.709985 S0 547723 35107235 55 741620 380295 S0 5.94427 430887
& 244949 1.353171Z2 31 556776 314138 =13 745331 3.52536 Sl S.00000 432675
7 264575 1912935 52 565685 317480 57 7.54983 35.84850 a2 9.05539 4.34445
= 2582543 200000 335 5.74456 3520753 1= F.BLS7F  3.87038 535 911043 4.36207
9 s.00000 205008 54 5.830595 323961 59 768115 389300 54 916515 4.37952
10 316228 215443 35 591608 3.27107 &0 F.FA597 391457 55 9.21954 4.396335
11 3.51662 2223985 =133 6.00000 35301935 &1 F.81025 3.93650 =13 927362 4.41400
12 346410 225943 37 605276 3535222 62 F.EF401 395739 a7 9.532738 4.43105
15 S3.60555 2351335 355 5.16441 35361985 635 F.O3725 397906 855 958083 4.447986
14 374166 241014 39 6.24500 339121 &4 S.00000 400000 59 9.43398 4.46475
15 3.587298 246621 40 5.532456 35414995 55 S.06226 402073 a0 94586583 4.45140
1a 4.00000 2519354 41 640312 3.44522 113 512404 404124 a1 953939 4.49794
17 412311 257128 42 5.45074 35476503 &7 5.18535 4.06155 a2 959166 4.51436
15 4.24264 262074 435 6.55744 350340 65 5.24621 4.05166 935 964365 4.53065
19 4.5355390 2665840 44 6.63325 353035 59 5.50662 410157 94 969536 4.546384
20 4.47214 2.7144Z2 45 670520 3.55639 Fo S5.536660 412129 a5 974679 456290
21 4. 55258 275892 46 6.78233 3.55305 71l 5.42615 4.14082 =1 9797946 457886
22 469042 250204 47 6.55%65 3.60833 T2 5.45528 4.16017 a7 9.54386 4.59470
25 4. 79553 2543387 45 592520 3635424 75 5.54400 417934 a5 9.59949 461044
24 4.59598 255450 49 F.ooooo o 365931 74 560233 419534 a9 994987 462607
25 S5.00000 292402 50 F.OF107 365403 75 S.66025 4.21716 100 10.00000 4.64159



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:
Circles: Diameter {cm), Circumference {cm), Area l:l:mz)
Diameter Circum Area Diameter Circum Area Diameter Circum Area Diameter  Circum Area
1 5.14 0.79 26 §1.65 530.93 51 la0.22 204252 il 235.76 4556.46
2 5.28 3.14 27 54.52 57256 52 163.56 212572 ) 241.90 4656635
3 942 F.a7 28 87.96 61575 53 1la6.50 2206.13 78 24504 4778368
4 12.57 1257 29 91.11 650.52 54 169.65 229022 79 24519 4301 .67
5 15.71 19.635 30 9425 TO6.86 55 17279 2375.63 j=1a] 251.33 S5026.55
& 15.55 2527 31 a7.39 F=1 Sa 175.95 24635.01 g1 254.47 5153.00
7 21.99 3545 52 100.535 504.25 57 179.07 2551.76 52 257.61 S251.02
= 2513 50,27 33 10367 555.30 =1=] 152.21 264203 83 26075 541061
9 25.27 63.62 54 106.51 907 .92 59 1585.35 2735397 54 265.89 554177
10 31.42 75.54 35 109.96 952.11 G0 1558.50 2527.435 G5 267.04 Sa74.50
11 34.56 95.035 =1 115.10 1017.85 &1 191.64 292247 =1 27018 S&08.50
12 37.70 113.10 37 116.24 107521 62 194.78 3019.07 a7 273.32 594468
13 40.34 13273 38 119.53 115411 [3=] 197.92 5117.2% 88 27646 505212
14 45395 15594 59 12252 115453 54 201.06 5216.99 59 27960 522114
15 47.12 176.71 a0 125.66 1256.64 65 204.20 3315.51 a0 252.74 6361.735
16 50.27 201.06 41 125.81 152025 113} 207.35 5421.19 al 285.88 E503.85
17 53.41 226,93 42 131.9% 1355.44 67 210.49 352565 a2 28903 647 61
15 56.55 254 47 435 135.09 1452.20 3= 213.65 5631.65 93 29217 679291
19 59.69 2533.53 44 135.235 1520.55 69 21a6.77 S739.28 a4 295,31 B3539.75
20 62.53 314.16 45 141.57 1590.45 Fo 219.91 5545.45 a5 295.45 FO55.22
21 65.97 346.36 a5 144.51 1e61.90 71l 223.05 395919 =1 301.59 F238.23
22 5812 580,13 47 147.65 17534.94 72 22819 4071.50 a7 504,73 FI3E9.81
23 T2.26 41545 45 150.80 1509.56 73 229.34 4155.59 93 507.85 754296
24 7940 452.539 49 155.94 1555.74 74 253245 4300.54 a9 311.02 Ta97.69
25 F75.54 490.57 =11] 157.08 1963.50 75 253562 4417.86 100 31416 FE53.95



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:
Squares: Side (cm), Perimeter {cm), Area {cmz}

Side Perinn Area Side Perim Area Side Perinn Area Side Perim Area
1 4 1 26 104 G676 51 204 2601 e 304 5776
2 ] 4 27 108 729 52 208 2704 77 s08 5929
] 12 a 28 112 7E4 S5 212 2809 - 512 054
4 16 16 29 116 541 54 21a 2916 Fa 316 62471
5 20 25 30 120 Q00 55 220 3025 50 320 5400
& 24 =11 51 124 951 56 224 3136 &1 524 E551
F 25 49 32 128 1024 57 228 3249 52 328 6724
5] 32 54 33 132 1059 1= 232 3364 53 332 5559
=] 36 Sl 34 136 1156 59 236 34581 54 336 Fose
10 a0 100 355 140 1225 =11} 240 Se00 55 540 F225
11 44 121 =11 144 1296 g1 244 3721 =11 544 F306
12 45 144 37 145 1369 62 245 3544 857 345 FLoe9
135 52 169 1= 152 1444 a3 252 3959 =151 352 7744
14 =133 196 39 156 1521 54 256 4096 59 356 Fo21l
15 =11} 225 40 160 1a00 55 260 4225 a0 S50 S100
1& &4 256 41 164 1851 =1 264 4356 a1 SE4 S2E81
17 &5 259 42 168 1764 67 268 4459 a2z 365 S5464
15 72 324 43 172 1549 [=1=] 272 4524 a3 372 S5549
19 e 36l 44 176 19356 == 276 4761 94 376 85536
20 S0 400 45 1580 2025 F0o 250 4900 a5 380 an0z2s
21 g4 441 45 154 2118 71l 254 So041 =1 S54 a2l1a
22 855 454 47 1588 2209 F2 258 5154 a7 388 Q9409
23 Q2 529 45 192 2304 73 292 5329 a5 392 Q9504
24 =1 576 49 196 2401 74 296 S478 a9 396 9501
25 100 625 50 200 2500 75 300 5625 100 400 10000



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:
Cubes: Side (in), Surface Area l:inz}, Yolume (ins}

Side Surf Area  Wolume Side Surf Area  Wolume Side Surf Area  Wolume Side Surf Area  Wolume
1 & 1 26 4056 17576 51 15606 132651 TE 34656 455976
2 24 ] 27 4374 19653 52 1a224 140605 FT 35574 456533
3 =4 27 25 4704 21952 53 16554 145577 =] 36504 474552
4 96 &4 29 S046 243589 54 17496 157464 Fa 37446 493039
5 150 125 S0 5400 27000 55 15150 166575 S0 35400 S1z000
& 216 216 51 ST766 29791 =1 18516 175616 81 39366 5531441
7 294 343 32 5144 32768 57 19494 155193 52 40344 551365
g S54 512 55 55354 55957 55 20154 195112 55 41354 ST17ET
Q 4586 F29 34 5936 39304 59 208586 205379 54 42336 592704
10 a00 1000 35 7350 42875 a0 21a00 215000 55 43350 514125
11 26 1331 =13 FIVE ABE56 61 22326 226951 =13 44576 E36056
12 S564 1725 357 5214 505653 62 25064 25383528 a7 45414 5585035
15 1014 2197 =1-] =111 54572 55 25514 250047 =1-] 164654 551472
14 1176 2744 39 9126 59319 64 24576 262144 59 47526 FO4969
15 1350 3375 40 Q500 a4000 65 25350 274625 a0 45600 F29000
16 1536 4096 41 10056 65921 13 261356 257496 91 49656 FE3571
17 1734 49135 42 10554 74055 67 26954 S00763 a2 S07E4 FFE6E8
15 1944 5852 45 11054 Faso7 65 27744 5144352 a3 51854 S043557
19 2166 65859 44 11616 55154 69 25566 328509 a4 53016 530554
20 2400 S0oao 45 12150 21125 70 29400 3435000 a5 54150 S27575
21 2646 9261 46 126596 97336 71l 30246 357911 96 55296 5584736
22 2904 10645 a7 15254 1038235 72 51104 573248 a7 56454 9126735
25 5174 12167 45 13824 110592 75 51974 3859017 Qs S76E24 941192
24 3456 13524 49 14406 117649 7a 32856 405224 a9 55506 970299
25 3750 15625 S0 15000 125000 75 33750 421575 100 Ssaaoo 1000000



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:

Spheres: Diameter (in), Surface Area l:inzl, volume (in3}
Diameter Surf Area  VYolume Diameter Surf Area Volume Diameter Surf Area WYolume  Diameter Surf Area WYolume

1 3142 0.5236 26 2124 [203 51 8171 69456 Fi-] 151l46 229847
2 12.57 4.159 27 2290 10306 52 S495 FIg22 77 18627 232040
3 28.27 14.14 28 2463 11494 53 8525 FFo52 Fa 19113 248475
4 50.27 33.51 29 2642 12770 54 216l S2448 79 19607 258155
= 7G04 6545 30 2827 14137 55 2503 a7114 S0 20106 268083
] 113.1 1131 31 3019 15599 =14 9552 91952 g1 20612 278202
7 153.9 179.6 =) 3217 17157 57 10207 Q5967 =3 21124 2584695
& 2011 2681 53 3421 18517 55 10568 102160 &3 215642 2993557
] 2545 SE1.7 54 3632 20530 59 10936 1075356 G4 22167 310359
10 314.2 S523.6 35 3545 224489 a0 11310 113097 &5 22695 321555
11 380.1 695.9 =1 4072 24429 61 11690 118547 56 23235 33303538
12 452.4 204.8 37 4301 26522 62 12076 124783 a7 23779 3447901
1z o309 1150 38 4536 28731 63 124629 130224 =35 24328 356818
14 6l5.8 1437 39 AF7E 31059 64 12668 137258 89 24585 369121
15 f06.9 1767 40 S027 33510 65 13273 1437923 20 25447 351704
1a G04.2 2145 41 5281 SI60E7 =14 13685 1505353 91 26016 394509
17 079 2572 42 5542 38792 a7 14103 157479 92 26590 407720
13 1018 3054 435 SE09 41530 =1 14527 156456356 a3 27172 421160
12 11354 3591 44 GOE2 44502 59 14957 172007 94 27759 4345935
20 1257 4159 45 G362 47713 70 153594 179594 a5 28353 445921
21 1385 4549 45 GEa5 S096S 71l 15837 157402 =1 25953 463247
22 1521 5575 47 e940 54362 72 16286 1954352 a7 29559 AT7FET4
23 loe2 G371 48 7238 S7906 73 16742 203689 3= 30172 492807
24 1510 7238 49 7543 6la0l 74 17203 212175 Q9 30791 S08047
25 1963 G151 S0 7E54 65450 7o 17671 2208923 100 31416 523599



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) °Cto°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:

Unit Converter

]

centimeters = 0.3937 inches

b |

L= 33.8000 °F
newtons = 0.2248 pounds

-

mfs= 2.2369 mph

BB R R



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) Feetto 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:

Unit Converter

o

feeot = 0.3048 m

|

psi= 6894.7573 N/m~
hp= 745.6999 watts

gal= 0.0038 m°

BB R

-10-



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:
A B C

1 User Input
2 Launch Speed (m/s) 150
3 Angle (degrees) 60
4
5 Calculations
6 Time to Peak Height (s) 13.2
7 Peak Height{m) 860.1
8 FlightTime (s) 26.5
9 Horizontal Distance {m) 1986.3
10

Answer: The flight time is 26.5 s, the peak height is 860 m, and the horizontal distance is
1986 m.
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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:
Paper Thickness {in) 0.004

Humber of Folds inches feet miles Number of Folds inches feet miles
1 0.003 0.0007 000000013 26 2654355 22370 4237
2 0.016 0.0013 000000025 27 S36571 44739 5.473
3 0032 00027 000000051 28 1073742 59478 16.95
4 0.064 0.0053 000000101 29 2147454 1738957 33.89
5 0123 0.0107 000000202 30 4294967 357914 B7.79
& 0.256 0.0213 000000404 31 559935 715828 135.6
7 0512 00427 0.00000505 32 17179569 1431656 2711
g 1.024 0.05853 000001616 33 54359738 28863312 5423
9 2.045 0.1707 000003232 34 GB5719477 S726623 1085
10 4.096 0.3413 000006465 35 1374359535 11453246 2189
11 g.192 0.6527 000012929 36 27437707 22906492 4338
1z 16.35 1.365 000025359 37 549755514 45812954 8677
13 3277 2.731 000051717 38 1099511628 91625969 17353
14 65.54 5.461 0.00103434 39 2199025256 183251938 34707
15 131.1 10.92 000206565 40 4395046511 SEE503576 69414
16 2621 21.85 000413737 41 5796093022 733007752 138827
17 524.3 43.69 000327475 42 17592156044 1466015504 2775654
15 1049 87.38 0.01654949 43 35184372089 2932031007 555309
19 2097 174.8 0.03309399 44 FO36ET744175 5864062015 1110618
20 4194 349.5 006619793 45 140737455355 11725124030 2221236
21 5359 599.1 0.13239596 46 251474976711 23456245059 4442471
22 16777 1393 0.26479192 47 S62949955421 45912496118 G554942
23 33554 2796 0.52953354 43 1125599906543 93824992257 1776595585
24 67109 5592 1.05916768 49 2251799513655 1837649954474 35539770
25 154215 11185 211833535 S0 4503599627371 375299965948 71079540

-12 -



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, T (t), in the bath may be estimated by
Equation 2.3, repeated here:

T(t) = (T; — Tow)e /T + Ty

where t is the time in seconds in the bath; T; is the initial ball temperature; Ty, is the oil
temperature; and t 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 T;, T,
and 7 as input variables and calculates the ball temperature for times from 0 to 180
seconds at 1-second intervals. Assume the time constant 7 = 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:
Input ¥ariables
Ti, T 200
Tinf, ' 40
Tau, = 50

Calculations
time, = Temp, = time, = Temp, & time, s Temp, & time, = Temp, = time, = Temp, & time, s Temp, &

o] 200.0 k| 4438 E2 25949 a3 158.3 124 1026 155 T4.2
1 Ta5.0 32 440.7 E3 2666 94 15E.0 126 102.4 156 T3E
2 Froz 33 4328 E4 2613 a5 1537 126 1011 187 vz2a
3 FRERT 34 4260 EG 2471 11 1814 127 933 152 v2z
4 THE 36 417 4 EE 2430 ar 43z 128 b ] 153 T1E
1] T2T.7 36 4099 ET 2390 ag 1471 129 avE 1E0 T10
E T4 k) 4026 g 2381 93 144.9 120 954 161 TO.4
T Foo.v7 28 295.4 £ 232 100 1429 1 953 &2 E9.8
a E2TE 33 3884 v 2274 101 408 132 a4z 163 3.2
a ET4.8 40 = Rl Kl 2237 0z 1328 133 a3z 164 E2E
n EEZ2.2 41 X vz 2201 0z 1369 134 a9z 165 2.0
1 £49.9 42 2631 T3 2165 104 124.9 136 a1 1EE ET.E
12 E37.0 43 JELE T4 212.0 105 1221 126 and 1E7 EE.Q
12 EZE.0 44 3662 78 2096 106 1312 1237 291 163 GE.4
14 E14.4 45 3480 VE 2082 07 1294 138 221 163 EG.3
15 E0E0 45 3423 vv 20249 ik 127 6 133 a7 170 EG.4
1 5913 47 3369 vE 193.7 103 125.9 140 SE2 171 4.9
17 5209 48 3.0 T 196.5 110 124.2 14 853 1rz E4.4
12 5702 43 262 an 192.4 m 1225 142 o444 173 2.4
13 5537 &0 A6 1l 1304 1z 12043 143 836 174 634
20 G434 a1 34 a2 1274 13 9.3 144 227 175 B30
21 G394 a2 3088 a3 1245 14 nr.y 145 B3R 17E EZ6
22 529.5 53 033 o4 1216 115 1e.2 146 210 177 21
23 519.2 54 2931 a5 17a.s 11& 14.7 147 a0z 17a ElE
24 5102 =17} 2930 25 17EA 17 132 142 7.4 173 El2
256 010 BE 2880 a7 1734 12 sz 143 VEE 120 E0.2
25 4918 a7 2831 a8 1ros 13 0.z 160 ] 121 E0.4
27 4824 [t 2782 23 1B2.2 120 JUER] 151 Exal 13z E0.0
28 4741 54 27358 an 165.E 121 107.6 152 TE4 123 BO.E
29 466.5 &0 2689 o 1621 122 10E.2 153 TE.E 124 4.2
20 4571 E1l 264.4 az 160.7 123 104.9 154 744 125 o8

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:
ctudent Assignment Grade Firal Grade
1 2 3 4 5 =] 7 Average Letter Grade
A 95 a0 == S0 92 g0 a7 24.7 B
B 92 100 53 g7 S0 85 S0 al.0 A
C [=1=] &0 76 89 70 40 &0 69.0 D
D S0 87 70 89 92 85 85 85.4 B
E 78 90 94 89 958 95 97 al.6 A
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Problem 2.16
The time constant in Problem 2.14 is given by:

__ PDcp
'S en

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

the specific heat capacity of the material in ] /g°C, and h is the heat transfer coefficient
between the ball and the oil in W/cm?2°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 (]/g°C) 0.875 0.385 0.129 0.444 0.434

Assume a convective heat transfer coefficient of 0.3 W/cm?2°C. Create a spreadsheet that
utilizes the material, the ball diameter D, the convective heat transfer coefficient h, and the
temperatures T; and T, 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

User Input Property Table
Material Mickel Property Aluminum Copper Gold Mickel Stesl
Diameter (cm) 0.5 Density (g/cmB) 2.77 8.92 19.3 8.9 7.83
Heat Trzansfer Coef 03 SpECI.fIC Hea;t 0.875 0.385 0129 0444 0,434
(W om0 | Capacity (J/=°C)
Ti [°C) 400
Tinf (*C) 100
Calculation of Cooling
Material Properties and T (=) . . o Temperature
Calculation of Tau me s emperature (°C) After 2 s °C)
Density (g/cm3) 2.9 1] 400.0 ) 167.9
Specific Heat (1/2°C) 0. 444 1 220.6 Cu 136.9
Tau (=) 1.098 2 148.5 Ag 116.6
El 1139.5 Mi 148.5
4 1078 steel 126.1
=l 1032.2
& 101.3

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.

A B C D E F
1 Diameter, inches 3.0
2 Material Aluminum WEIGHT, Ib 1.43
Specific Weight
pecific -EI-g , 0.101
3 |b per cubic inch
4
5
6 Aluminum Steel Brass Titanium Concrete
Specific Weight,
0.101 0.284 0.316 1.160 0.086
7 Ib per cubic inch
R
Figure P2.17
Answer:
User Input
Diameter {in) 3
Material Steel
Property Table
Aluminum Steel Brass |Titanium | Concrete
Specific Weight (Ib,.-"ir‘|3:| 0.101 0.284 0.316 0.160 0.086

Calculations
specific Weight (Ibfin®) 0.284
weight (Ib) 4.015

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.
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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:
User Input
Temperature (*C) 260
Mass (kg 5

Calculated Values

Pressure {kPa) 4760.60
Heat Required (ki) 8298
Tabulated Properties Interpolated Properties
Temperature (°C)  Saturation Pressure (kPa) Enthalpy of waporization (kJ/kg)| Saturation Pressure (kPa) Enthalpy of waporization (kJ/kg)
u] 0.6113 2501
25 3.169 2442
50 12,35 2383
75 38.58 2321
100 101.3 2257
125 2332.1 2189
150 475.8 2114
173 592.0 2032
200 1554 1941
225 2548 1837
250 3973 1716
275 5942 1575 47606 1659.6
300 8581 1405
325 12060 1150
350 16513 593
274 22090 u}
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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:
Altitude, feet 12000 Altitude, feet 60000
Pressure, psi 9.432 Pressure, psi Out of Range
Tabulated Values Interpolated value Tabulated Values Interpolated Value
Altitude, feet Air Pressure, psi | Air Pressure, psi Altitude, feet Air Pressure, psi | Air Pressure, psi

0 14,7 o 14.7
1,000 14.16 1,000 14,16
2,000 13.66 2,000 13.66
3,000 13.17 3,000 13.17
4,000 12.69 4,000 12.69
5,000 12.23 5,000 12.23
10,000 10,1 10,000 10.1
20,000 6.76 9,437 20,000 6.76
30,000 4,37 30,000 4,37
40,000 2,73 40,000 2.73
50,000 1.69 50,000 1.69
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