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Length			   Volume

Standard unit:  �  inch (in. or 0)
	� 12 inches �5 1 foot (ft or 9)
	 3 feet �5 1 yard (yd)
	 51⁄2 yards or 16 1⁄2 feet �5 1 rod (rd)
	 5280 feet �5 1 mile (mi)

Weight

Standard unit:    pound (lb)
	 16 ounces (oz) �5 1 pound
	 2000 pounds �5 1 ton

Liquid
3 teaspoons (tsp) 5 1 tablespoon (tbs) 

16 tablespoons 5 1 cup 
2 cups 5 1 pint (pt)

16 fluid ounces (fl oz) �5 1 pint (pt)
	 2 pints �5 1 quart (qt)
	   4 quarts �5 1 gallon (gal)

Dry
	 2 pints (pt) �5 1 quart (qt)
	 8 quarts �5 1 peck (pk)
	 4 pecks �5 1 bushel (bu)

U.S. Weights and Measures

As an example, the prefixes are used below with the metric standard unit of length, metre (m).
1 terametre (Tm)	� 5 1,000,000,000,000 m	 1 m 5 0.000000000001 Tm
1 gigametre (Gm)	 5 1,000,000,000 m	 1 m 5 0.000000001 Gm
1 megametre (Mm)	5 1,000,000 m	 1 m 5 0.000001 Mm
1 kilometre (km)	 5 1,000 m	 1 m 5 0.001 km
1 hectometre (hm)	 5 100 m	 1 m 5 0.01 hm
1 dekametre (dam)	 5 10 m	 1 m 5 0.1 dam
1 decimetre (dm)	 5 0.1 m	 1 m 5 10 dm
1 centimetre (cm)	 5 0.01 m	 1 m 5 100 cm
1 millimetre (mm)	 5 0.001 m	 1 m 5 1,000 mm
1 micrometre (mm)	5 0.000001 m	 1 m 5 1,000,000 mm
1 nanometre (nm)	 5 0.000000001 m	 1 m 5 1,000,000,000 nm
1 picometre (pm)	 5 0.000000000001 m	 1 m 5 1,000,000,000,000 pm

Multiple or Submultiple*	 Power		  Prefix
	 Decimal Form	 of 10	 Prefix	 Symbol	 Pronunciation	 Meaning

1,000,000,000,000�	� 1012	� tera	� T	� t%er9%a	 one trillion times
	 1,000,000,000�	� 109	� giga	� G	� j ı̆g9%a	 one billion times
	 1,000,000	 106	 mega	 M	 m%eg9%a	 one million times
	 1,000	 103	 kilo**	 k	 kı̆l9$o or k$el9$o	 one thousand times
	 100	 102	 hecto	 h	 h%ek9t $o	 one hundred times
	 10	 101	 deka	 da	 d%ek9%a	 ten times
	 0.1	 1021	 deci	 d	 d%es9 ı̆	 one tenth of
	 0.01	 1022	 centi**	 c	 s%ent9 ı̆	 one hundredth of
	 0.001	 1023	 milli**	 m	 mı̆l9 ı̆	 one thousandth of
	 0.000001	 1026	 micro	 m	 mı̄9kr $o	 one millionth of
	 0.000000001	 1029	 nano	 n	 n%an9$o	 one billionth of
	 0.000000000001	 10212	 pico	 p	 p $e9k$o	 one trillionth of

  *Factor by which the unit is multiplied.
**Most commonly used prefixes.

Metric System Prefixes

Applications Symbols Used in This Text

 � Agriculture and  
Horticulture

  Allied Health
  Auto/Diesel Service

  Aviation
 � Business and  

Personal Finance
  CAD/Drafting

  Culinary Arts
  Electronics
  HVAC
 � Industrial and Construction Trades

  Manufacturing
 � Natural Resources
  Welding
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LIST OF APPLICATIONS

Agriculture and 
Horticulture
Corn storage, 9
Crop yields, 9, 47, 150
Railroad freight cars needed, 9
Feed consumption, 9
Weight of hay, 9
Weight of cotton, 9, 47
Tractor depreciation, 9
Pesticide application, 9, 47
Planting daylilies, 9
Mulch for flowerbed, 17
Placing plant containers, 17
Herbicide application, 47, 70
Concrete feed lot, 47
Weight of feed mixture, 51
Fertilizer cost, 61
Insecticide application, 70
Feeder cattle weight gain, 70
Ranch herd loss, 80
Chemical active ingredients, 81
Protein in soybeans, 81
Butterfat in milk, 81
Lawn seed, 81
Percent of plants that lived, 81
Grain contract delivery sheets, 83
Land purchase, 91
Combine purchase, 92
Tractor purchase, 92
Hay dry matter percent, 97
Acres and hectares, 150
Planting seed corn, 150
Volume of storage bin cylinder, 181
Difference of yield, 181
Mixing two types of milk, 240
Weight of grain ratio of pounds 

per bushel, 256
Crop yield, 256, 263
Rate of gallon per acre, 256
Herbicide rate per acre, 256
Sand & topsoil mixture, 256
Yellow & red peppers planted 

ratio, 256
Pesticide mixture, 263
Chemical for field, 263
Pounds of N, P, K removed per 

acre of use, 263
Yield of apples per tree and 

income from sales of apples, 
263

Fertilizer needed for lawn, 263
Percent of live hog that is  

carcass, 263
Percent of fat in beef and number 

of pounds in a carcass, 263
Percent of antifreeze in tractor 

radiator, 264
Protein mixture for feed, 321
Butterfat mixture, 321
Corn and soybean sales, 321
Pesticide mix, 321
Grass seed mix, 321
Border width around rectangular 

garden, 351
Ranch acreage, 372
Corn yield, 372
Percent of lot that is lawn, 373
Using a wheel to measure length 

of field, 389
Diameter of circular silo, 389
Number of smaller pipes needed 

to approximate one larger  
pipe, 389

Area of cross section of pipe, 389
Volume of wagon box, 401
Volume of gravity bin, 401
Painting cylindrical silo, 406
Sheet metal in trough, 406
Feeding bin capacity, 412

Allied Health
Fluid input & output, 8
Amount of orange juice, 9
Medicine dosage, 9, 10, 47, 70
Alcohol percentage, 47
Weight of baby, 47
Weight loss of a newborn, 47
Number of doses of medicine 

doses from bottle, 47
Total ounces of daily medication, 47
Number of teaspoons of  

medicine, 47
Number of mg of medicine, 70
Amount of medicine in one  

dose, 70
Liquid solutions, 81
Ratio of g/mL of dextrose, 257
Rate of intravenous solution,  

257, 322
Number of drops to set up IV, 257

Time to infuse IV, 257
IV flow rate, 257
Length of time for IV, 257
mL needed for a given dose, 263
Number of mL of pure ingredient 

to prepare a solution, 264
Number of grams of pure 

ingredient to prepare a 
solution, 264

Preparing a saline solution, 322
IV solution administer times, 322
Number of vials of two 

medications, 322
Area of X-ray film, 372
Placing hospital beds in wards, 

372
Placing respirator units in 

storeroom, 372

Auto/Diesel Service
Distance traveled on tank of gas, 8
Piston displacement, 8, 69, 70, 247
Hourly labor cost, 8
Miles per gallon, 8, 69
Kilometres per litre, 8
Tire cost, 8, 69
Area an automobile occupies, 15
Volume of oil pan, 17
Oil used, 38
Auto service time, 38, 46
Tool length, 40
Copper tubing length, 40
Heater hose length, 46
Time to detail autos, 46
Time to change tires, 46
Convert gallons to quarts and 

pints, 51
Tire tread, 59, 97
Length of socket, 60
Piston ring wear, 60
Length of valve stem, 60
Length of crankshaft, 69
Overtime hours, 69
Brake pad wear, 70
Cost of set of tires, 81
Percent of oil in filter, 81
Cooling system leak, 178
Total miles on trip, 178
Engine horsepower, 181, 263
Area of windshield, 181

Vehicle mileage, 181
Volume of auto trunk, 181
Cost of batteries, 239
Strengthening antifreeze mixture 

in radiator, 240
Mixing two types of gasoline, 240
Length of cylinder, 247
Alternator-to-engine drive  

ratio, 256
Oil flow rate, 256
Flywheel-drive gear ratio, 256
Ratio of secondary voltage to 

primary voltage in auto coil, 
263

Amount of fuel required, 263
Fuel pump fuel delivery, 263
Tire pressure, 263
Fuel tank capacity, 263
Small engine testing time, 321
Hybrid engine fuel testing, 321
Engine testing time, 321
Mixing parts of cleaning  

solution, 321
Area of rear view mirror, 372
Similar fan belt arrangements, 384
Similar side mirrors on trucks, 384
Circumference of wheel, 389
Volume of oil filter, 405
Volume of air filter, 405
Total piston displacement, 405
Cylindrical bore increase, 406
Cylindrical bore lateral surface 

area, 406
Radius of crankshaft journal, 438
Piston movement distance, 439
Distance from driver’s side front 

tire to passenger’s side rear tire 
after accident, 466

Distance from front tip of seat 
cushion to tip of head rest, 466

Aviation
Certificate flight time, 8
Flight distance, 8
Plane climb rate, 8
Area of runway, 15
Area of military operating zone, 15
Fuel used, 37, 38, 181, 263
Plane speed, 45, 69
Search time, 45
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	 LIST OF APPLICATIONS 	 ix

Plane altitude, 51
Runway length, 51
Flying time, 59
Flight mileage, 59
Cost of fuel, 69
Nautical miles flown, 70
Plane rental, 81
Cross-country trip, 81
Baggage weight, 178
Draining fuel tank, 178
Hours of flying lessons, 181
Area formed by flight pattern, 181
Ratio of flight time for single 

engine rating to commercial 
rating, 257

Airplane rental, 322
Wing dimensions, 350
Area from chart used for aviation 

navigation, 371
Flight distance, 371, 380
Angle in flight diagram, 380
Similar hospital helicopter landing 

pads, 384
Similar runways, 384
Area of side of tire, 389
Helicopter baggage compartment 

volume, 400
Lateral surface area of nose of 

airplane, 412
Surface area of hemispherical 

cockpit, 415
Ground length of flight, 438
Straight-line distance back to base 

airport, 466
Taxiway length, 466

Business & Personal 
Finance
Rate of interest on loan, 80
Salary increase, 80
Sale price of discounted items, 80
Decrease in house value, 82
Salary decrease, 82
Final sale price, 82
Family loan, 91
Savings account interest, 91
Money owed on loan, 91, 92, 98
Savings account amount 

accumulation, 91
Investing money, 91, 92
House payment on home loan, 91
Payment on new truck, 91
Auto financing, 91, 92, 98
Effective annual rate of interest 

for value of discount, 92
Effective rate of interest on early 

payment, 92
Effective rate of return, 92

Commercial space rental, 149
Money distribution, 239
Number of boards purchased, 239
Number of hours worked, 240
Amount borrowed from bank, 240
Amount invested to earn  

interest, 240
Amount needed to generate given 

return, 240
Country club dues, 240
Siding replacement cost, 257
Rate of pay per hour, 257
Paint coverage, 257
Unit cost of material, 263
Commission, 263
Percent of reduction of list  

price, 263
Percent of pay increase, 264
Carpet sales, 322
Apartment rentals, 322
Types of snorkels sold, 322
Bond investments, 323
Display floor space, 372
Cost of rectangular pieces of 

canvas, 372
Cost of fencing business lot, 372
Holes drilled in circular plate, 389
Maximum number of boxes 

shipped, 402

CAD/Drafting
Difference in output of drawings, 9
Shopping center design, 17
Shipping box design, 17
Packaging, 17
Distance between points, 38
Length of shaft, 39
Length and width of steel strip, 40
Channel dimensions, 47
Tank capacity, 51
Internal diameter of tube, 59
Height needed for riser, 69
Number of windows per code, 81
Dimensions of embankment, 81
Catwalk dimensions, 81
Length of drawing dimensions, 178
Dimensions of barn model, 264
Dimensions of plot, 322
Original room dimensions, 322
Dimensions of walkway, 322
Original building dimensions, 322
Increase in door area, 352
Bay window area added to  

room, 400
Triangular display pedestal  

design, 401
Concrete tube design, 401
Cardboard box design, 401

Volume of air in room of Victorian 
building, 402

Scuppers needed in swimming 
pool design, 402

Cylindrical tank design, 405
Volume and weight of steel  

plate, 405
Gallons of water in cooling  

tank, 406
Concrete forming paper tube 

design, 406
Hemispherical dome house 

design, 415
Angles for rafters, 438
Distance across corners of hex 

bolt, 440
Hydraulic control valve 

dimensions, 440
Locating a benchmark, 440
Mating part design, 440

Culinary Arts
Maximum seating, 10
Total loin end cut servings 

possible, 10
Number of items delivered to 

kitchen, 10
Least number of servers needed, 10
Dividing tips at end of day, 10
Amount of butter used, 40
Remaining pie, 40
Remaining flour, 40
Remaining lettuce, 40
Remaining French fries, 41
Potatoes in kitchen when new 

order needed, 41
 Scoops of sugar needed, 48
Number of pie crusts from pie 

dough, 48
Number of steaks cut from a  

loin, 48
Edible portion of watermelon, 48
Cooking oil available, 48
Short loin available for soup, 48
tsp needed in recipe, 52
Quarts of fruit juice, 52
Number of servings from 

container, 52
Soup recipe in gallons, 52
Volume of punch from recipe, 61
Amount of cooking oil, 61
Number of ounces in drink of the 

day, 61
Weight in pounds of ingredients in 

recipe, 61
Syrup for ice cream, 70
Wedding mints, 71
Pasta salad purchase, 71

Food costs determine menu 
prices, 82

Beef shrinkage, 82
Octoberfest brats purchase, 150
Soup in 1-litre containers, 150
Table top requirements, 240
Diluting chicken soup, 240
Cost using two types of ground 

beef, 240
Tomato paste recipe ratio, 257
Volume of water to beef broth 

ratio, 257
Cost per pound of pork loin, 257
Ratio of amount of potatoes per 

person, 257
Pork : beef ratio for meat loaf, 264
Number of bone-in prime rib cuts 

from same number of beef 
loins, 264

Amounts of ingredients to make 
given recipes, 264, 265

Amounts of ingredients to serve 
given number of people, 264

Cups of ingredients to make given 
number of servings, 265

Kitchen ratio, 265
Mixing different types of ground 

beef, 323
Seating of guests at tables, 323
Selling cups and bowls of chili, 323
Difference in area of banquet and 

dinner plates, 392
Wedding reception dinner  

seating, 392
Cookies ordered for special  

event, 392
Area of slice of pizza, 396
Batter and icing needed for sheet 

cakes, 402
Cylindrical stock pot capacity, 407
Batter needed for round wedding 

cake, 407

Electronics
Total resistance in series  

circuit, 8, 60
Ohm’s Law, 9
Total current in parallel  

circuit, 38, 60
Load in circuit, 46
Voltage of electric iron, 46
Power used in drill, 46
Cable for wiring, 46
Current needed, 47
Length of wire needed, 47, 322
Outlet spacing, 47
Total resistance in a parallel 

circuit, 48, 247
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Resistance in copper wire, 51
Voltage of source, 60
Inductive reactance in circuit, 70
Power in circuit, 70
Current in circuit, 70, 322
Resistance in flashlight bulb, 70
Resistance in lamp, 70
Current in heating element, 70
Line voltage surge, 81
Electronics parts invoice, 83
Electronics business overhead, 97
Current through one branch of 

parallel circuit, 177
Current draw in a drill, 247
Resistance in flashlight bulb, 247
Transformer voltage, 256
Ratio of voltage drops across 

resistors, 256
Transformer coil ratio, 256
Voltage drop in resistor, 256, 263
Resistance in copper wire, 263
Ratio of secondary turns to primary 

turns in transformer, 263
Size of two types of capacitors, 321
Batteries in series, 321
Current in branches of parallel 

circuit, 321
Electrolyte solution, 321
Size of two resistors, 322
Variable current, 350
Variable voltage, 350
Applied voltage, voltage across 

a coil, and voltage across a 
resistance in a circuit, 379

Total current, coil current, and 
resistor current, 379

Impedance, reactance, and 
resistance of a circuit, 379

Conduit length and angle, 437
Right triangle relationships in 

electrical circuits, 438, 439
Frequency of radar waves, 451
Wavelength of radio waves, 451

HVAC
Ductwork replacement cost, 8
Volume of circulated air, 17
Duct volume, 17
Furnace filter volume, 17
Cost of heating a building, 17
Duct length, 38, 46
Cooling requirements, 38
Pieces of duct, 46
Airflow in cubic feet per second, 51
Duct cost, 59, 69
Percent of moisture removed, 81
Air flow through duct, 81
Gas used over given period, 178

Airflow supply of unit, 178
Ventilation requirement CFM, 181
Furnace space, 181
Sections of duct for furnace, 181
Ratio of the BTU of two air 

conditioners, 257
Metal duct cost, 263
Current needed for compressors 

and air-handling units, 321
Flow of two air ducts, 322
Building dimensions, 322
Height and area of rectangular 

metal duct, 371
Length of sides of triangular  

duct, 380
Similar heater filter sizes, 384
Similar ducts, 384
Diameter of round metal duct, 389
Joining metal ducts, 413
Volume of coolant canister, 415
Duct length along stairs, 438
Lengths of ducts in kite shaped 

room, 466
Angles for placing air handlers, 466

Industrial/Construction 
Trades
Number of studs, 8
Cutting pipe, 8
Number of boards in order, 9
Space between walls and 

windows, 9, 10
Concrete blocks needed for wall, 10
Tiles needed for wall, 16
Number of ceiling tiles, 16
Gallons of paint needed, 16
Pieces of drywall needed, 16
Insurance for replacement cost, 16
Weight of cement floor, 17
Distance between floor joists, 39
Tap drill size, 39
Reducing diameter of shaft, 40
Difference in plate thickness, 40
Distance of house from sides of 

lot, 40
Thickness of plate after lathe 

pass, 40
Board feet of lumber, 46
Length of steel pipes, 46
Inside diameter of pipe, 46
Distance between rivets, 46
Distance between centers of 

circles, 46
Vent dimensions, 46
Volume of concrete pad, 46
Cutting a bar, 47
Weight of iron rods, 51
Mixing chemicals, 51

Difference of diameter ends of 
taper, 60

Thickness of pipe wall, 60
Cutting cable, 69
Building floor space, 69
Cost of excavation, 69
Number of days to complete  

job, 70
Increase in floor space, 82
Plumbing supplier invoice, 82
Lumberyard invoice, 83
Thickness of hole, 98
Shipping box design, 98
Sidewalk cost, 149
House lot in acres, 150
Thickness of sheets of metal, 177
Bookshelves construction, 239
Length of cut boards, 239, 321
Types of light fixtures, 239
Yard dimensions, 239
Mixing concrete, 239
Cutting a beam to meet 

specifications, 239
R value of insulation, 247
Copper tubing cost, 256
Ratio of wall area to window area, 

256
Cost of home, 257, 263
Ratio of volume of concrete to 

volume of cement, 256
Amount of sand to make concrete, 

263
Pitch of roof, 263
Number of bricks for wall, 263
Percent of volume of dry concrete 

mix of cement, sand, and 
gravel, 264

Capacity of two trucks, 321
Contractor testing pumps, 321
Working time of two bricklayers, 

321
Number of each type of ceiling 

tiles, 321
Material for concrete, 322
Cutting squares of corners of 

rectangular material to form 
rectangular container, 351

Size of square sheet of 
aluminum to form 
rectangular container, 351

Increase length and width of  
lot with given increase in  
area, 351

Dimensions of warehouse to give 
maximum floor space, 352

Dimensions of storage building to 
minimize the outside walls, 352

Area of sheet metal, 372
Number of squares of shingles for 

roof, 372

Number of ceiling suspension 
panels, 372

Cost of painting a house, 372
Number of bricks needed for  

wall, 372
Length of support braces, 378
Depth of keyway cut, 378
Mill round stock into square  

stock, 378
Length of rafter, 379
Offset distance, 379
Length of conduit, 379
Length of ladder to reach  

window, 379
Area of hole cut in steel plate, 380
Braces for inclined ramp, 383
Dimensions of finished stock, 383
Length of bookcase crosspiece, 384
Length of tower guy wires, 384
Width of insulation wrapped 

around circular pipe, 389
Area of metal after circular holes 

are removed, 390
Length of strapping needed for 

pipe, 390
Satellite bracket design, 391
Area and volume of various parts 

of building, 400
Weight of rectangular piece of 

steel, 401
Volume of rectangular lead  

sleeve, 401
Volume of cylindrical tank, 405
Height of cylindrical tank, 405
Volume of cylindrical piece of 

steel, 405
Volume of refrigerant in copper 

tubing, 405
Sheet metal needed for sides of 

cylindrical tank, 406
Volume of lead in “pig”, 406
Metal in cans, 406
Weight of circular tank, 412
Volume of gravel, 412
Plastic resin pellets hopper 

design, 413
Round stock tapered to cone, 413
Diameter of shut off ball  

float, 415
Gallons of water in spherical  

tank, 415
Ratio of surface area to volume in 

spherical tank, 415
Conveyor length, 437
Safety height of ladder, 437
Width of river, 437
Roadway inclination, 437
Length of guy wire, 437
Drilling holes in metal plate, 437
Height of TV relay tower, 438
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Litres of liquid in right circular 
conical tank, 438

Distance between adjacent drilled 
holes, 439

Check dimension of dovetail, 439
Head angle of metal screw, 439
Length of roofline, 440
Height of building, 440
Lengths and angles in framing a 

roof, 465, 466

Manufacturing 
Linear feet of pipe in inventory, 9
Distance between hazard  

stripes, 10
Drums of oil needed, 10
Length of shaft, 39, 40, 59
Distance between holes, 39
Length of rod, 39, 46, 69
Diameter of largest part, 40
Number of pins after cuts, 46
Lathe turn time, 46
Length of side of hexagon, 59
Distance of hole from end, 59
Find missing dimension, 60
Pitch of screw, 69
Sheet metal stack height, 69
Number of metal sheets, 69
Number of cuts needed to turn 

down metal stock, 69
Amperage requirement, 70
Weight of steel plate, 70
Number of defective tires in  

plant, 80
Defective resistors, 80
Hydraulic pressure, 81
Machinist pay increase, 82
Length of drying booth, 264
Diameter of pulleys, 322
Length and cost of fiberglass, 372
Floor area and cost of garage, 372
Machinist building a screen 

around shop area, 372
Area needed that is unavailable 

for manufacturing, 373
Fertilizer needed in shrub  

garden, 380
Material needed for water  

trough, 381
Manufacturing canisters to fit 

inside each other, 384
Reducing mold to scale, 385

Work station design, 390
Boiler placement in corner of 

room, 390
Length of pulley, 390
Central angle of equally spaced 

holes in metal plate, 390
Cardboard box design, 402
Volume of trash can, 402
Capacity of parts washer, 407
Cylindrical steel tanks capacity, 407
Cost cutting material, 413
Centers of equally spaced bolt 

holes in metal, 439
Length of antenna guy wire, 467

Natural Resources
Cruising timber, 10
Tilapia feed, 10
Volume of cordwood, 17
Volume of settling tank at 

wastewater plant, 17
Product weight, 38
Cords of firewood burned, 40
Homeowner lawn, 40
Hiking distance, 40
Allowance for kerf, 48
Crossing plants, 48
Tree harvested for firewood, 48
Truckloads of fish, 52
Convert lawn area to acres, 52
Using Biltmore stick to measure 

height of tree, 52
Population increase, 60
Fertilizer cost, 61
Petroleum reserves, 61
Municipal solid waste (MSW), 70, 82
Capacity of silo, 70
Volume of rick of firewood, 70
Weight of firewood, 82
Fish catch, 82
Survival rate of flock of ducks 

(sord), 82
Deer population, 82
 Deer density, 82
Weight of trash for a week, 178
Weight of fish, 178
Water in shopping center parking 

lot, 181
CO2 level in atmosphere, 181
Food waste compost, 181
Cubic miles of water in Cayuga 

Lake, 181

Collecting sea salt, 240
Deer and elk population  

control, 240
Pressure at bottom of lake, 247
Ratio of cougars per living area, 247
Fish farming feed-to-weight-gain 

ratio, 247
Salt contained in sea water, 264
Amount of N-P-K applied, 264
Gear ratio of fishing reel, 264
Amount of one inch of water over 

one acre, 264
Length of boards, 322
Difference in height of two 

waterfalls, 322
Mixing two types of grain for 

animal feed, 322
Dimensions of sod area, 352
Dimensions of forest plot, 352
Cross-sectional area of water in 

canal, 373
Area in game preserve, 373
Slope of hill, 381
Hiking distance, 381
Rock climbers estimate height of 

cliff, 385
Similar cat stretching posts, 385
Windmill blades, 391
Water sprinkler use, 391
Volume of swimming pool, 402
Fish tank design, 402
Oil pipeline volume, 407
Cylindrical silo capacity, 407
Wastewater treatment plant 

sediment tank capacity, 407
Obelisk design, 413
Volume of weather balloon, 416
Volume of air balloon, 416
Solar panels position, 441
Lean-to shelter design, 441
Width of jaw opening of snake, 467
Distance of kite from a person, 467
U.S. coal production, 482
Tree ring mean growth, 482
Tree ring thickness, 485
Worldwide coal production, 485

Welding
Length of welded pipe, 8, 37, 59
Argon gas used, 8
Volume of welded container, 15, 17
Length of welded piece, 37

Difference in diameter of welding 
rods, 37

Total length of weld, 45, 47
Cutting pieces of pipe, 45
Area of piece of sheet metal, 51
Total length of steel angle  

weld, 51
Steel angle divided into equal 

parts, 69
I-beam divided into equal  

parts, 69
Percent of welds completed, 81
Number of high quality  

welds, 81
Length of steel angle welds, 178
Weight of scrap metal, 178
Rods used in welds, 181
Volume of storage bin, 181
Ratio of steel angle pieces, 257
Ratio of welding rods, 257
Cost of welding rods, 263
Hours of work for each  

welder, 321
Earnings of experienced and 

beginning welders, 322
Dimensions of sheet metal to 

patch hole in large metal  
tank, 350

Area of side of welded metal 
storage bin, 371

Area of triangular gusset, 380
Similar support gussets, 384
Similar pieces of steel, 384
Area of lid in welded circular 

metal tank, 389
Radius of hole in metal, 389
Volume of gusset, 400
Metal duct volume and lateral 

surface area, 400
Volume of pyramid, 412
Fabricating storage 

compartments, 413
Volume of pan in shape of 

hemisphere, 415
Sheet metal trough capacity, 421
Length of support for a conveyor 

belt, 437
Angle of taper, 439
Measure of angles in triangular 

metal sheet, 465, 466
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xii

PREFACE

Elementary Technical Mathematics, Twelfth Edition, is intended for technical, 
trade, allied health, or Tech Prep programs. This book was written for students who 
plan to learn a technical skill, but who have minimal background in mathematics or 
need considerable review. To become proficient in most technical programs, students 
must learn basic mathematical skills. To that end, Chapters 1 through 4 cover basic 
arithmetic operations, fractions, decimals, percent, the metric system, and numbers 
as measurements. Chapters 5 through 11 present essential algebra needed in technical 
and trade programs. The essentials of geometry—relationships and formulas for the 
most common two- and three-dimensional figures—are given in detail in Chapter 12. 
Chapters 13 and 14 present a short but intensive study of trigonometry that includes 
right-triangle trigonometry as well as oblique triangles and graphing. The concepts of 
statistics that are most important to technical fields are discussed in Chapter 15. An 
introduction to binary and hexadecimal numbers is found in Chapter 16 for those who 
requested this material.

This text is written to match the reading level of most technical students. Visual images 
engage these readers and stimulate the problem-solving process. These skills are essential 
for success in technical courses. This text is written to be as flexible as possible for the wide 
range of student backgrounds and technical program needs. Sections may be easily combined 
for the better prepared class of students.

The following important text features have been retained from previous editions:

◆◆ A large number of applications are used from a wide variety of technical areas, 
including agriculture and horticulture, allied health, auto/diesel service, aviation, 
business and personal finance, CAD/drafting, culinary arts, electronics, HVAC, 
industrial and construction trades, manufacturing, natural resources, and welding.

◆◆ Chapter 1 reviews basic concepts in such a way that individuals, groups of students, or 
the entire class can easily study only those sections they need to review.

◆◆ A comprehensive introduction to basic algebra is presented for those students who 
need it as a prerequisite to more advanced algebra courses. However, the book has 
been written to allow the omission of selected sections or chapters without loss of 
continuity, to meet the needs of specific students.

◆◆ More than 6500 exercises assist student learning of skills and concepts.

◆◆ More than 750 detailed, well-illustrated examples, many with step-by-step comments, 
support student understanding of skills and concepts.

◆◆ Learning objectives are listed with each Chapter Opener to give a clear outline of 
topics covered in the chapter. This serves as a reference for students when completing 
homework assignments or studying for exams, and it also helps with lesson and 
assessment preparation for instructors.
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◆◆ A chapter summary with a glossary of basic terms, a chapter review, and a chapter 
test appear at the end of each chapter as aids for students in preparing for quizzes and 
exams. Each chapter test is designed to be completed by an average student in no more 
than approximately 50 minutes.3.6 Temperature

1.  Formulas for changing between degrees Celsius  
and degrees Fahrenheit:

C 5
5

9
 s F 2 328d

F 5
9

5
  C 1 328 (p. 145)

Give the metric prefix for each value:

 1. 0.001 2. 1000

Give the SI abbreviation for each prefix:

 3. mega 4. micro

Write the SI abbreviation for each quantity:

 5.  42 millilitres 6.  8.3 nanoseconds

Write the SI unit for each abbreviation:

 7.  18 km 8.  350 mA 9.  50 μs

Which is larger?

10.  1 L or 1 mL 11.  1 kW or 1 MW

12.  1 km2 or 1 ha 13.  1 m3 or 1 L

Fill in each blank:

14. 650 m 5 ______ km 15. 750 mL 5 ______ L

16. 6.1 kg 5 ______ g 17. 4.2 A 5 ______ μA

18. 18 MW 5 ______ W 19. 25 ms 5 ______ ns

20. 250 cm2 5 ______ mm2

21. 25,000 m2 5 ______ ha

22. 0.6 m3 5 ______ cm3 23. 250 cm3 5 ______ mL

24. 728F 5 ______ 8C 25. 2258C 5 ______ 8F

26. Water freezes at ______ 8C.

27. Water boils at ______ 8C.

28. 180 lb 5 ______ kg 29. 126 ft 5 ______ m

30. 360 cm 5 ______ in. 31. 275 in2 5 ______ cm2

32. 18 yd2 5 ______ ft2 33. 5 m3 5 ______ ft3

34. 15.0 acres 5 ______ ha

Choose the most reasonable quantity:

35.  Jorge and Maria drive a. 1600 cm, b. 470 m, c. 12 km, 
or d. 2400 mm to college each day.

36.  Chuck’s mass is a. 80 kg, b. 175 kg, c. 14 mg, or 
d. 160 Mg.

37.   An automobile’s fuel tank holds a. 18 L, b. 15 kL, 
c. 240 mL, or d. 60 L of gasoline.

38.  Jamilla, being of average height, is a. 5.5 m,  
b. 325 mm, c. 55 cm, or d. 165 cm tall.

39.  An automobile’s average fuel consumption is  
a. 320 km/L, b. 15 km/L, c. 35 km/L, or d. 0.75 km/L.

40.  On Illinois winter mornings, the temperature sometimes 
dips to a. 2508C, b. 2308C, c. 308C, or d. 2808C.

41.  Abdul drives a. 85 km/h, b. 50 km/h, c. 150 km/h,  
or d. 25 km/h on the interstate highway.

42.  Complete the following table of metric system prefixes 
using the given sample metric unit:

REVIEW  |  Chapter 3

Prefix Symbol Power of 10 Sample unit How many? How many?

tera

giga

mega

kilo

hecto

deka

deci

centi

milli

micro

nano

pico

T

G

M

k

h

da

d

c

m

m

n

p

1012

109

106

103

102

101

1021

1022

1023

1026

1029

10212

m

W

Hz

g

V

L

g

m

A

W

s

s

1012 m 5 1 Tm

109 W 5 1 GW

1021 g 5 1 dg

1023 A 5 1 mA

1 m 5 10212 Tm

1 W 5 1029 GW

1 g 5 10 dg

1 A 5 103 A

  review 151

152  Chapter 3 ◆ The Metric System﻿

 1.  Give the metric prefix for 1000.

 2.  Give the metric prefix for 0.01.

 3.  Which is larger, 200 mg or 1 g?

 4.  Write the SI unit for the abbreviation 240 mL.

 5.  Write the abbreviation for 30 hectograms.

 6.  Which is longer, 1 km or 25 cm?

Fill in each blank:

 7. 4.25 km 5 _____ m 8. 7.28 mm 5 _____ μm

 9. 72 m 5 _____ mm 10. 256 hm 5 _____ cm

 11. 12 dg 5 _____ mg 12. 16.2 g 5 _____ mg

13. 7.236 metric tons 5 _____ kg

14. 310 g 5 _____ cg 15. 72 hg 5 _____ mg

16. 1.52 dL 5 _____ L 17. 175 L 5 _____ m3

18. 2.7 m3 5 _____ cm3 19. 400 ha 5 _____ km2

20. 0.2 L 5 _____ mL

21. What is the basic SI unit of time?

22. Write the abbreviation for 25 kilowatts.

Fill in each blank:

23.  280 W 5 _____ kW 24.  13.9 mA 5 _____ A

25.  720 ps 5 _____ ns

26.  What is the basic SI unit for temperature?

27.  What is the freezing temperature of water on the 
Celsius  scale?

Fill in each blank, rounding each result to three significant  
digits when necessary:

28. 258C 5 _____ 8F 29. 288F 5 _____ 8C

30. 98.68F 5 _____ 8C 31. 100 km 5 _____ mi

32. 200 cm 5 _____ in. 33. 1.8 ft3 5 _____ in3

34. 37.8 ha 5 _____ acres 35. 80.2 kg 5 _____ lb

TEST  |  ChapTer 3

◆◆ The text design and second color help to make the text more easily understood, 
highlight important concepts, and enhance the art presentation.

◆◆ A reference of useful, frequently referenced information—such as metric system 
prefixes, U.S. weights and measures, metric and U.S. conversion, and formulas from 
geometry—is printed on the inside covers.
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◆◆ The use of a basic scientific calculator has been integrated in an easy-to-use format 
with calculator flowcharts and displays throughout the text to reflect its nearly 
universal use in technical classes and on the job. The instructor should inform the 
students when not to use a calculator.

 1.8 ◆ Multiplication and Division of Fractions 45

Using a Calculator to Multiply and Divide Fractions

Multiply: 2
5

6
3 4

1

2
.

52 5 3A 
b

c A 
b

c 6 1A 
b

c A 
b

c 24

3 412  ⁄

  

Thus, 2
5

6
3 4

1

2
5 12

3

4
. ◆

Divide: 5
5

7
4 8

1

3
.

55 5 4A 
b

c A 
b

c 7 1A 
b

c A 
b

c 38

24/35

  

Thus, 5
5

7
4 8

1

3
5

24

35
. ◆

Example 16

Example 17

ExErCisEs 1.8
Perform the indicated operations and simplify:

 1.  
2

3
3 18 2.  8 3

1

2

 3.  
3

4
3 12 4.  3

1

2
3

2

5

 5.  1
3

4
3

5

16
 6.  

1

3
3

1

3
3

1

3

 7.  
16

21
3

7

8
 8.  

7

12
3

45

56

 9.  
2

7
3 35 10.  

9

16
3

2

3
3 1

6

15

 11.  
5

8
3

7

10
3

2

7
 12.  

9

16
3

5

9
3

4

25

 13.  2
1

3
3

5

8
3

6

7
 14.  

5

28
3

3

5
3

2

3
3

2

9

 15.  
6

11
3

26

35
3 1

9

13
3

7

12
 16.  

3

8
4

1

4

 17.  
3

5
4

10

12
 18.  

10

12
4

3

5

 19.  4
1

2
4

1

4
 20.  18 

2

3
4 6

 21.  15 4
3

8
 22.  

77

6
4 6

 23.  
7

11
4

3

5
 24.  7 4 3

1

8

 25.  
2

5
3 3

2

3
4

3

4
 26.  

7

8
3

1

2
4

2

7
 27.  

16

5
3

3

2
3

10

4
4 5

1

3
  28.  6 3 6 3

21

7
4 48

 29.  
7

9
3

3

8
4

28

81
 30.  2 

1

3
3

5

8
4

10

4

 31.  
2

7
3

5

9
3

3

10
4 6  32.  

9

4
3

9

4
3

21

7
4 81

 33.  
7

16
4

3

8
3

1

2
 34.  

5

8
4

25

64
3

5

6

 35.  A barrel has a capacity of 42 gal. How many gallons 
does it contain when it is 34 full?

 36. a.  Find the area of a rectangle with length 6 

1
3 ft and 

width 3 

3
4 ft. (Area 5 length 3 width.)

  b. Find its perimeter.

 37.  A welder uses seven 6011 welding rods to weld two 
metal slabs. If each rod makes a 61

2-in. weld, find the 
total length of the weld.

 38.  A welder has 63
4 ft of 1

2-in. pipe. How many pieces 
of pipe, each of length 13

4 ft, can be obtained from the 
original pipe if each cut removes 1

16 in. of pipe? How long 
is the remaining piece of pipe?

 39.  A small aircraft flew a total of 6841
4 mi. If it took the 

plane 52
3 h to make the trip, how fast was the aircraft flying ?

 40.  On a Civil Air Patrol mission, five search planes  
searched for 31

4 h for a missing aircraft. How many total 
hours did they search?

◆◆ Cumulative reviews are provided at the end of every even-numbered chapter to help 
students review for comprehensive exams.
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 11. 
x

2
2

2

5
5

2x

5
2

3

4

 12. Distribute $2700 among Jose, Maria, and George so 
that Maria receives $200 more than Jose and George re-
ceives half of what Jose receives.

 13. How much pure antifreeze must be added to 20 L of a 
solution that is 60% antifreeze to make a solution that is 
80% antifreeze?

 14. Solve P 5 2(l 1 w) for l.

 15. Solve CT 5 C1 1 C2 1 C3 for C2.

 16. Solve V 5 lwh for w.

 17. Given P 5 I2R, P 5 480, and I 5 5.0, find R.

 18. Given A 5
h

2
sa 1 bd, A 5 260, h 5 13, and a 5 15,  

find b.

 19. Given 
1

C
5

1

C1
1

1

C2
, C 5 20.0 μF and C2 5 30.0 μF, 

find C1.

 20. Given 
1

R
5

1

R1
1

1

R2
1

1

R3
, R1 5 225 V, R2 5 475 V, 

  and R3 5 925 V, find R.

 1. Find the prime factorization of 696.

 2. Change 0.081 to a percent.

 3. Write 3.015 3 1024 in decimal form.

 4. Write 28,500 in scientific notation.

 5. 5 ha 5 _____ m2 6. 1018F 5 _____ 8C

 7. 6250 in2 5 _____ ft2

 8. Give the number of significant digits (accuracy) of each 
measurement:

 a. 110 cm b. 6000 mi c. 24.005 s

 9.  Read the measurement shown on the vernier caliper in 
Illustration 1 a. in metric units and b. in U.S. units.

2
1 2 3 4 5 6 7 8 9

3
1 2 3 4 5 6 7 8 9

5 6 7 8 9 10

0

0 5 10 15 20 25

2 4 6 8 10

ILLUSTRATION 1

 10.  Read the measurement shown on the U.S. micrometer in 
Illustration 2.

0

5
0 1 2 3 4

ILLUSTRATION 2

 11.  Use the rules for addition of measurements to find the 
sum of 25,000 W; 17,900 W; 13,962 W; 8752 W; and 
428,000 W.

Simplify:

 12. (2x 2 5y) 1 (3y 2 4x) 2 2(3x 2 5y)

 13. (4y3 1 3y 2 5) 2 (2y3 2 4y2 2 2y 1 6)

 14. (3y3)3

 15. 22x(x2 2 3x 1 4)

 16. (6y3 2 5y2 2 y 1 2)(2y 2 1)

 17. (4x 2 3y)(5x 1 2y) 18. 
215 x2y3

45x3y5

 19. (16x2y3)(25x4y5)

 20. 
x3 1 2x2 2 11x 2 20

x 1 5

 21. 3x2 2 4xy 1 5y2 2 (23x2) 1 (27xy) 1 10y2

Solve:

 22. 4x 2 2 5 12 23. 
x

4
2 5 5 9

 24. 4x 2 3 5 7x 1 15 25. 
5x

8
5

3

2

 26. 5 2 (x 2 3) 5 (2 1 x) 2 5

 27. C 5
1

2
 sa 1 b 1 cd for a

 28. A 5 lw; find w if l 5 8.20 m and A 5 91.3 m2.

 29. Translate into algebraic symbols: The product of a num-
ber and 7 is 250.

 30. The perimeter of a rectangle is 30 ft. The width is 
one-half of the length. What are the dimensions of the 
rectangle ?

cUmULATIve RevIeW  |  ChaptErs 1–6
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	 PREFACE 	 xv

◆◆ Studies show that current students will experience several career changes during 
their working lives. The chapter-opening pages illustrate various career paths for 
students to consider as their careers, technology, and the workplace evolve. The  
basic information provided in the chapter openers about a technical career is 
explored in further detail on the Cengage book companion website at www 
.cengage.com/mathematics/ewen.

100

Designer:Terri Wright  Cust: Cengage   Au: Ewen  Pg. No. PB 
Title: Elementary Technical Mathematics 12E    

K / PMS 285 

Electronics Technician
Electronics technician checking 
a fuse box

Mathematics at Work
Electronics technicians perform a variety of jobs. Electronic engineering technicians apply electrical and electronic 
theory and knowledge to design, build, test, repair, and modify experimental and production electrical equipment in 
industrial or commercial plants for use by engineering personnel in making engineering design and evaluation decisions.

Other electronics technicians repair electronic equipment 
such as industrial controls, telemetering and missile control 
systems, radar systems, and transmitters and antennas using 
testing instruments. Industrial controls automatically monitor and 
direct production processes on the factory floor. Transmitters and 
antennas provide communications links for many organizations. 
The federal government uses radar and missile control systems for 
national defense as well as other applications.

Electricians install, maintain, and repair wiring, equipment, 
and fixtures and ensure that work is in accordance with relevant 
codes. They also travel to locations to repair equipment and perform 
preventive maintenance on a regular basis. They use schematics and 
manufacturers’ specifications that show connections and provide 
instructions on how to locate problems. They also use software 
programs and testing equipment to diagnose malfunctions. For 
more information, please visit www.cengagebrain.com and access 
the Student Online Resources for this text.

Objectives
 ◆ Find the absolute value of a signed number.

 ◆ Add, subtract, multiply, and divide signed numbers.

 ◆ Add, subtract, multiply, and divide signed numbers involving fractions.

 ◆ Use the rules for exponents for powers of 10 to multiply, divide, and raise a power  
to a power.

 ◆ Work with numbers in scientific notation.

 ◆ Work with numbers in engineering notation.
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◆◆ Special application exercises in the areas of agriculture and horticulture, allied health, 
auto/diesel service, aviation, business and personal finance, CAD/drafting, culinary 
arts, electronics, HVAC, industrial and construction trades, manufacturing, natural 
resources, and welding have been submitted by faculty in these technical areas and  
are marked with related icons.

70  Chapter 1 ◆ Basic Concepts

 44.   Find the total piston displacement of a six-cylinder 
engine if each piston displaces 0.9 litres (L).

 45.   A four-cylinder engine has a total displacement of  
2.0 L. Find the displacement of each piston.

 46.   An eight-cylinder engine has a total displacement of 
318 in3. Find the displacement of each piston.

 47.   New front brake pads are 0.375 in. thick. The av-
erage wear rate of these pads in a particular vehicle is 
0.062 in. per 15,000 mi. Determine a. the expected wear 
after 45,000 mi and b. the expected pad thickness after 
60,000 mi.

 48.   A certain job requires 500 person-hours to complete. 
How many days will it take for five people working  
8 hours per day to complete the job?

 49.   How many gallons of herbicide are needed for  
150 acres of soybeans if 1.6 gal/acre are applied?

 50.   Suppose 10 gal of water and 1.7 lb of pesticide are to be  
applied per acre. a. How much pesticide would you put 
in a 300-gal spray tank? b. How many acres can be cov-
ered with one tankful? (Assume the pesticide dissolves 
in the water and has no volume.)

 51.   A cattle feeder buys some feeder cattle, which aver-
age 550 lb at $145/hundredweight (that is, $145 per hun-
dred pounds, or $1.45/lb). The price he receives when 
he sells them as slaughter cattle is $120/hundredweight. 
If he plans to make a profit of $150 per head, what will 
be his cost per pound for a 500-lb weight gain?

 52.   An insecticide is to be applied at a rate of 2 pt/100 gal 
of water. How many pints are needed for a tank that 
holds 20 gal? 60 gal? 150 gal? 350 gal? (Assume that the 
insecticide dissolves in the water and has no volume.)

  Find the inductive reactance in each ac circuit (see 
Example 11):

 53.  54.

   Power (in watts, W) equals voltage times current. Find  
the power in each circuit:

 55.  56.

 57.   Find the current in a 220-V ac circuit with imped-

 59.   A lamp that requires 0.84 A of current is connected to a  
115-V source. What is the lamp’s resistance? (Resistance 
equals voltage divided by current.)

 60.   A heating element operates on a 115-V line. If it has 
a resistance of 18 V, what current does it draw? (Current 
equals voltage divided by resistance.)

 61.   A patient takes 3 tablets of clonidine hydrochloride, 
containing 0.1 mg each. How many milligrams are taken?

 62.   One dose of ampicillin for a patient with bronchitis is  
2 tablets each containing 0.25 g of medication. How 
many grams are in one dose?

 63.   An order reads 0.5 mg of digitalis, and each tablet 
contains 0.1 mg. How many tablets should be given?

 64.   An order reads 1.25 mg of digoxin, and the tablets on 
hand are 0.25 mg. How many tablets should be given?

 65.   A statute mile is 5280 ft. A nautical mile used in 
aviation is 6080.6 ft. This gives the conversion 1 statute 
mile 5 0.868 nautical miles. If a plane flew 350 statute 
miles, how many nautical miles were flown?

 66.   Five lathes and four milling machines are to be on 
one circuit. If each lathe uses 16.0 A and each milling 
machine uses 13.8 A, what is the amperage requirement 
for this circuit?

 67.   A steel plate 1.00 in. thick weighs 40.32 lb/ft2. Find 
the weight of a 4.00 ft 3 8.00 ft sheet.

 68.   Municipal solid waste (MSW) consists basically of 
trash and recycle that is produced by nonindustrial and 
nonagricultural sources. According to Environmental 
Protection Agency estimates, as of 2014, each person in  
the United States generated an average of 4.44 lb of 
MSW each day. If you are an average American, how 
much MSW did you generate in that year?

 69.   According to U.S. Census Bureau projections, the U.S. 
population was 316,128,839 on December 31, 2013. If that 
is accurate and if the average person in the United States 
actually generated 4.4 lb of MSW on that day, how many 
tons of MSW (rounded to the nearest thousand) were gen-
erated in the United States on December 31, 2013?

 70.   One U.S. bushel contains 1.2445 ft3. A silo that has 
a capacity of 10,240 ft3 can store how many bushels of 
corn? Round to the nearest bushel.

 71.   A rick of firewood is 4 ft by 8 ft by the average length 
of the stick of firewood. If the firewood in a rick is cut to 
16-in. lengths, what is the volume of the rick? Round to 
the nearest tenth of a cubic foot.

, 60 Hz 0.25 H , 60 Hz 0.035 H

0.045 A

6.4 V

0.0065 A

0.95 V
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xvi 	 PREFACE

◆◆ Group activity projects have been moved to the Instructor Companion website.

◆◆ An instructor’s edition that includes all the answers to exercises is available.

Significant changes in the twelfth edition include the following:

◆◆ New and revised applications with the help and expertise of professionals in the areas 
of industrial and construction trades, electronics, and CAD/drafting.

◆◆ All areas have been reviewed and updated with current information and data.

◆◆ The material on measurement has been reorganized and revised to provide better 
rationale for measurement accuracy and precision and for calculations with 
measurements. Single versus multiple measurements are compared, and the concept of 
random and systematic errors have been introduced.

◆◆ Major effort was made to contain cost to students by having a more space-efficient 
page design, reviewing art size and placement, moving Group Activities from the 
end of each chapter to the Instructor Companion website, and deleting dial indicator 
material from Section 4.9 that seemingly was not being used.

◆◆ More than 140 exercises have been updated, replaced, or improved.

Useful ancillaries available to qualified adopters of this text include the following:

	  www.webassign.com/cengage

◆◆ WebAssign from Cengage Elementary Technical Mathematics, Twelfth Edition, is a 
fully customizable online solution for STEM disciplines that empowers you to help 
your students learn, not just do homework. Insightful tools save you time and highlight 
exactly where your students are struggling. Decide when and what type of help 
students can access while working on assignments—and incentivize independent work 
so help features aren’t abused. Meanwhile, your students get an engaging experience, 
instant feedback, and better outcomes. A total win-win!

			   To try a sample assignment, learn about LMS integration or connect with our 
digital course support; visit www.webassign.com/cengage

◆◆ Instructor’s Edition The Instructor’s Edition features an appendix containing the 
answers to all problems in the book. (978-1-337-63059-7)

◆◆ Instructor Solutions Manual (ISBN: 978-1-337-63063-4): This guide contains 
solutions to every exercise in the book. You can download the solutions manual from 
the Instructor Companion Site.

◆◆ Instructor Companion Website: Everything you need for your course in one place! 
Access the Instructor Solutions Manual, full lecture PowerPoints, Group Projects, 
and other support materials. This collection of book-specific lecture and class tools is 
available via www.cengage.com/login

Student Resources:

	  www.webassign.com

◆◆ Prepare for class with confidence using WebAssign from Cengage Elementary 
Technical Mathematics, Twelfth Edition. This online learning platform fuels practice, 
so you truly absorb what you learn—and are better prepared come test time. Videos 
and tutorials walk you through concepts and deliver instant feedback and grading, 
so you always know where you stand in class. Focus your study time and get extra 
practice where you need it most. Study smarter with WebAssign! 

			   Ask your instructor today how you can get access to WebAssign, or learn about 
self-study options at www.webassign.com 
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◆◆ Student Solutions Manual 
Author: James Lapp 
(ISBN: 978-1-337-63060-3) 
The Student Solutions Manual provides worked-out solutions to all of the odd- 
numbered exercises in the text, as well as solutions to all chapter review and 
cumulative review exercises.

I am grateful for the courtesy of the L. S. Starrett Company in allowing the use of pho-
tographs of their instruments in Chapter 4. A special thank you to Sarah Alamilla, Waukesha 
County Technical College, and Taylor Moore, Joliet Junior College, for lending their profes-
sional expertise in reviewing and updating the applications.

I also thank the many faculty members who used earlier editions and who offered sug-
gestions. In particular, I thank Sarah Alamilla, Waukesha County Technical College; Yelda 
Aydin-Mullen, Parkland College; Adebayo Badmos, Black Hawk College; Royetta Ealba, 
Henry Ford Community College; Ben Falero, Central Carolina Community College–San-
ford Campus; Jared Harvey, Kennebec Valley Technical College; Vanessa Hill, Springfield 
Technical Community College; and Taylor Moore, Joliet Junior College.

Anyone wishing to correspond regarding suggestions or questions should contact Dale 
Ewen through the publisher.

For all their help, I thank our Product Manager Rita Lombard, Content Developer  
Powell Vacha, and Product Assistant Abby DeVeuve. I am especially grateful to Senior Con-
tent Project Manager Corinna Dibble and Project Manager Lori Hazzard of MPS Limited 
for their professional commitment to quality, to James Lapp for his thorough work authoring 
the solutions manuals, and to Scott Barnett for his outstanding work and attention to the 
details of accuracy checking and proofreading.

Finally, I thank my friend and colleague of many years C. Robert Nelson for his work 
on all of the previous editions and wish him the very best.

Dale Ewen
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Chapter 1Basic Concepts

Objectives
◆◆ Add, subtract, multiply, and divide whole numbers.

◆◆ Add, subtract, multiply, and divide whole numbers with a basic scientific calculator.

◆◆ Apply the rules for order of operations.

◆◆ Find the area and volume of geometric figures.

◆◆ Evaluate formulas.

◆◆ Find the prime factorization of whole numbers.

◆◆ Add, subtract, multiply, and divide fractions.

◆◆ Add, subtract, multiply, and divide fractions with a basic scientific calculator.

◆◆ Use conversion factors to change from one unit to another within the U.S. system of weights and measures.

◆◆ Add, subtract, multiply, and divide decimal fractions.

◆◆ Add, subtract, multiply, and divide decimal fractions with a basic scientific calculator.

◆◆ Round numbers to a particular place value.

◆◆ Apply the percent concept; change a percent to a decimal, a decimal to a percent, a fraction to a percent, and a 
percent to a fraction.

◆◆ Solve application problems involving the addition, subtraction, multiplication, and division of whole numbers, 
fractions, and decimal fractions and percents.

◆◆ Find powers and roots of numbers using a scientific calculator.

◆◆ Solve personal finance problems involving percent.

Mathematics at Work
Modern manufacturing companies require a wide variety of 
technology specialists for their operations. Manufacturing technology 
specialists set up, operate, and maintain industrial and manufacturing 
equipment as well as computer-numeric-controlled (CNC) and other 
automated equipment that make a large variety of products according 
to controlled specifications. Some focus on systematic equipment 
maintenance and repair. Others specialize in materials transportation 
and distribution; that is, they are responsible for moving and 
distributing the products to the sales locations and/or consumers after 
they are manufactured. Other key team members include designers, 
engineers, draftspersons, and quality control specialists. Training and 
education for these careers are available at many community colleges 
and trade schools. Some require a bachelor’s degree. For more 
information, please visit www.cengagebrain.com and access the  
Student Online Resources for this text.

Dm
itr

y 
Ka

lin
ov

sk
y/

Sh
ut

te
rs

to
ck

.c
om

Manufacturing Technology Specialist
Technician working with numerically controlled 
milling machine
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2 	 Chapter 1  ◆  Basic Concepts

UNIT 1A Review of Operations with Whole Numbers

Review of Basic Operations1.1  
The positive integers are the numbers 1, 2, 3, 4, 5, 6, and so on. They can also be written as 
11, 12, 13, and so on, but usually the positive (1) sign is omitted. The whole numbers are 
the numbers 0, 1, 2, 3, 4, 5, 6, and so on. That is, the whole numbers consist of the positive 
integers and zero.

The value of any digit in a number is determined by its place in the particular number. 
Each place represents a certain power of 10. By powers of 10, we mean the following:

100 5 1
101  5 10
102 5 10 3 10 5 100 (the second power of 10)
103 5 10 3 10 3 10 5 1000 (the third power of 10)
104 5 10 3 10 3 10 3 10 5 10,000 (the fourth power of 10) and so on.

Note:  A small superscript number (such as the 2 in 102) is called an exponent.

The number 2354 means 2 thousands plus 3 hundreds plus 5 tens plus 4 ones.
In the number 236,895,174, each digit has been multiplied by some power of 10, as 

shown below.

	 (ten 	 (hundred 

	 millions)	 thousands)	 (thousands)	 (tens)

	 107	 105	 103	 101

	 u	 u	 u	 u
	 2	 3	 6,	 8	 9	 5,	 1	 7	 4

	 u		  u		  u		  u		  u
	 108		  106		  104		  102	 100

	 (hundred 	 (millions)	 (ten 	 (hundreds)	 (units)

	 millions)		  thousands)

The “1” (plus) symbol is the sign for addition, as in the expression 5 1 7. The result of 
adding the numbers (in this case, 12) is called the sum. Integers are added in columns with 
the digits representing like powers of 10 in the same vertical line. (Vertical means up and 
down.)

Add: 238 1 15 1 9 1 3564.

  238
    15
      9
3564
3826	 ◆

Subtraction is the inverse operation of addition. Therefore, subtraction can be thought 
of in terms of addition. The “2” (minus) sign is the symbol for subtraction. The quantity  
5 2 3 can be thought of as “what number added to 3 gives 5?” The result of subtraction is 
called the difference.

Example 1
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	 1.1  ◆  Review of Basic Operations	 3

To check a subtraction, add the difference to the second number. If the sum is equal to 
the first number, the subtraction has been done correctly.

Subtract: 2843 2 1928.

	 2843	 first number

	 21928	 second number

	 915	 difference

	 1928	 second number

	 1915	 difference

	 2843	 This sum equals the first number, so  

		  915 is the correct difference.� ◆

Next, let’s study some applications. To communicate about problems in electricity, tech-
nicians have developed a “language” of their own. It is a picture language that uses symbols 
and diagrams. The symbols used most often are listed in Table 2 of Appendix A. An electric 
circuit is a conducting loop in which electrons carrying electric energy may be transferred 
from a source to do useful work and returned to the source. The circuit diagram is the most 
common and useful way to show an electric circuit. Note how each component (part) of the 
picture (Figure 1.1a) is represented by its symbol in the circuit diagram (Figure 1.1b) in the 
same relative position.

Source

Switch

Load

(1)     (2)

(a)  Picture diagram (b)  Circuit diagram

I

Figure 1.1
Components in an electric circuit

The light bulb may be represented as a resistance. Then the circuit diagram in Figure 1.1b  
would appear as in Figure 1.2, where 

represents the resistor

represents the switch

represents the source. The short line represents the negative terminal 
of a battery, and the long line represents the positive terminal. The 
current flows from positive to negative.

Energy is stored in the battery. When the switch is closed, energy is transferred to the light, 
and the light glows.

Note:  In this book assume that the charge carriers are positive and draw current arrows 
in the direction that a positive charge would flow. This is a common practice used by most 
technicians and engineers. However, you may find the negative-charge–current-flow con-
vention is also used in some books. Regardless of the convention used, the formulas and 
results are the same.

Example 2

Subtract:

Check:

Figure 1.2

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.  WCN 02-200-203



4 	 Chapter 1  ◆  Basic Concepts

There are two basic types of electric circuits: series and parallel. An electric circuit with 
only one path for the current, I, to flow is called a series circuit (Figure 1.3a). An electric cir-
cuit with more than one path for the current to flow is called a parallel circuit (Figure 1.3b). 
A circuit breaker or fuse in a house is wired in series with its outlets. The outlets themselves 
are wired in parallel. 

R1

I I1 I

R2

I2

R3 or

I3

I2

I3

I1
R1

R2

R3

(b)  Parallel circuits

  

In a series circuit, the total resistance equals the sum of all the resistances in the circuit. 
Find the total resistance in the series circuit in Figure 1.4. Resistance is measured in 
ohms, V.

The total resistance is

  5 V
20 V
15 V
12 V
16 V
24 V
    3 V

95 V

	 ◆

Studs are upright wooden or metal pieces in the walls of a building, to which siding, insulation 
panels, drywall, or decorative paneling is attached. (A wall portion with seven studs is shown 
in Figure 1.5.) Studs are normally placed 16 in. on center and are placed double at all internal 
and external corners of a building. The number of studs needed in a wall can be estimated by 
finding the number of linear feet (ft) of the wall. How many studs are needed for the exterior 
walls of the building in Figure 1.6?

Figure 1.5

48 ft

10 ft

8 ft 9 ft

6 ft

6 ft

5 ft 15 ft

32 ft

15 ft

Figure 1.6

R1

I

R2 R3

(a)  Series circuit

Figure 1.3
Two basic types of electric circuits

Example 3

R1 5 5 V

R7 5 3 V

R2 5 20 V

R6 5 24 V

R3 5 15 V

R5 5 16 V

R4 5 12 V

Figure 1.4 

Example 4
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	 1.1  ◆  Review of Basic Operations	 5

The outside perimeter of the building is the sum of the lengths of the sides of the 
building:

  48 ft
  15 ft
  15 ft
    9 ft
  32 ft
    8 ft
    6 ft
    6 ft
    5 ft
    10 ft
154 ft

Therefore, approximately 154 studs are needed in the outside wall.	 ◆

Repeated addition of the same number can be shortened by multiplication. The “3” 
(times) and the “ #” (raised dot) are used to indicate multiplication. When adding the lengths 
of five pipes, each 7 ft long, we have 7 ft 1 7 ft 1 7 ft 1 7 ft 1 7 ft 5 35 ft of pipe. In 
multiplication, this would be 5 3 7 ft 5 35 ft. The 5 and 7 are called factors. The result of 
multiplying numbers (in this case, 35) is called the product. Computing areas, volumes, 
forces, and distances requires skills in multiplication.

Multiply: 358 3 18.

	 358
	3 18
	 2864
	   358   

	 6444	 ◆

Division is the inverse operation of multiplication. The following symbols are used to 
show division: 15 4 5, 5)15, 15/5, and 15

5 . The quantity 15 4 5 can also be thought of as 
“what number times 5 gives 15?” The answer to this question is 3, which is 15 divided by 
5. The result of dividing numbers (in this case, 3) is called the quotient. The number to be 
divided, 15, is called the dividend. The number you divide by, 5, is called the divisor.

Divide: 84 4 6.

	 14	 d quotient

	 6 )84	 d dividend

        divisor 	 6     

	24
	 24

	   0	 d remainder� ◆

Divide: 115 4 7.

		    16	 d quotient

	 7)115	 d dividend

 divisor           7     

		    45
		    42

	     3	 d remainder� ◆

Example 5

Example 6

c

Example 7

c
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6 	 Chapter 1  ◆  Basic Concepts

The remainder (when not 0) is usually written in one of two ways: with an “r” preced-
ing it or with the remainder written over the divisor as a fraction, as shown in Example 8. 
(Fractions are discussed in Unit 1B.)

Divide: 534 4 24.

	   22 r 6    or    22 6
24	        This quotient may be written 22 r 6 or 22 

6
24.

24)534

	 48  
	   54
	   48

	     6� ◆

Ohm’s law states that in a simple electric circuit, the current I (measured in amps, A) equals  
the voltage E (measured in volts, V) divided by the resistance R (measured in ohms, V). Find  
the current in the circuit of Figure 1.7.

The current I 5
E

R
5

110

22
5 5 A.� ◆

A 16-row corn planter costs $128,500. It has a 10-year life and a salvage value of $10,000. 
What is the annual depreciation? (Use the straight-line depreciation method.)

The straight-line depreciation method means that the difference between the cost and the 
salvage value is divided evenly over the life of the item. In this case, the difference between 
the cost and the salvage value is

$128,500
2$10,000
$118,500

	
cost

salvage

difference

This difference divided by 10, the life of the item, is $11,850. This is the annual  
depreciation.� ◆

Restaurants purchase potatoes to use for baked potatoes. The potatoes are often called bak-
ers and can come in cases containing 90, 120, and so on, potatoes. If 3 cases of bakers with 
90 potatoes per case are ordered plus 2 cases of bakers with 120 potatoes per case, how many 
total individual bakers are ordered?

3 cases 3 90 potatoes/case   5 270 potatoes
2 cases 3 120 potatoes/case 5 240 potatoes
Total	  510 potatoes� ◆

Using a Scientific Calculator
Use of a scientific calculator is integrated throughout this text. To demonstrate how to use 
a common scientific calculator, we show which keys to use and the order in which they are 
pushed. We have chosen to illustrate the most common types of algebraic logic calculators. 
Yours may differ. If so, consult your manual.

Note:  Your calculator should be cleared before you begin any calculation.

Example 8

Example 9

22 V

I

110 V

Figure 1.7

Example 10

Example 11
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	 1.1  ◆  Review of Basic Operations	 7

Use a calculator to add, subtract, multiply, and divide as shown in the following examples.

Add:	 9463
	 125
	 9
	   80

51

9677

9463 125 1 19 80
  

The sum is 9677.	 ◆

Subtract:	 3500
	 1628

52

1872

3500 1628
  

The result is 1872.� ◆

Multiply: 125 3 68.

53

8500

125 68

  

The product is 8500.� ◆

Divide: 8700 4 15.

54

580

8700 15
  

The quotient is 580.� ◆

Note:  Your instructor will indicate which exercises should be completed using a calculator.

Example 12

Example 13

Example 14

Example 15

exercises 1.1
Add:

	 1.	� 832 1 9 1 56 1 2358

	 2.	� 324 1 973 1 66 1 9430

	 3.	

�

384

291

147

632
	

	    4.

	 �

78

107

45

217

9

123

	 5.	� 197 1 1072 1 10,877 1 15,532 1 768,098

	 6.	� 160,000 1 19,000 1 4,160,000 1 506,000

Subtract and check:

	 7.
	�
7561

2397
	

	    8.	
�
4000

  702

	 9.	� 98,405 2 72,397		  10.	� 417,286 2 287,156

	11.
	�
4000

1180
	

	 12.
	�
60,000

  9,876
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8 	 Chapter 1  ◆  Basic Concepts

Find the total resistance in each series circuit:

13.	  

  

R1

460 V
R2

825 V
R3

750 V

R6

10 V
R5

650 V
R4

1500 V

14.	  
R1

3600 V
R2

560 V
R4

100 V

R8

2500 V
R7

5 V
R5

1200 V

R3

75 V

R6

575 V

15.	 	Approximately how many studs are needed for the ex- 
terior walls in the building shown in Illustration 1? (See  
Example 4.)

30 ft

70 ft

15 ft

16 ft

28 ft

22 ft

12 ft12 ft
8 ft11 ft

ILLUSTRATION 1

16.	 	A pipe 24 ft long is cut into four pieces: the first 4 ft 
long, the second 5 ft long, and the third 7 ft long. What 
is the length of the remaining piece? (Assume no waste 
from cutting.)

17.	 	A welder needs to weld together pipes of lengths  
10 ft, 15 ft, and 14 ft. What is the total length of the new 
pipe?

18.	 	A welder ordered a 125-ft3 cylinder of argon gas, a 
semi-inert shielding gas for TIG welding. After a few 
days, only 78 ft3 remained. How much argon was used?

19.	 	Find the total input and output (I-O) in cubic cen-
timetres (cm3)* for a patient. By how much does the 
input of fluids exceed the output?

Input: 300 cm3, 550 cm3, 150 cm3, 75 cm3,  
150 cm3, 450 cm3, 250 cm3

Output: 325 cm3, 150 cm3, 525 cm3, 250 cm3, 
175 cm3

	20.	 	A student pilot must complete 40 h of total flight 
time as required for her private pilot certificate. She 

had already entered 31 h of flight time in her log-
book. Monday she logged another 2 h, then Wednes-
day she logged another 3 h, and Friday she logged 
yet another 2 h. If she can fly 3 h more on Saturday, 
will she have enough total time as required for the 
certificate?

Multiply:

	21.
	�
567

  48
	

	 22.
	�

8374

  203

	23.	� 71,263 3 255		  24.	� 1520 3 320

	25.	� 6800 3 5200		  26.	� 30,010 3 4080

Divide (use the remainder form with r):

	27.	� 4)7236		  28.	� 5)308,736

	29.	� 4668 4 12		  30.	� 15,648 4 36

	31.	� 67,560 4 80		  32.	
188,000

120

33.	 	An automobile uses gasoline at the rate of 31 miles 
per gallon (mi/gal or mpg) and has a 16-gallon tank. 
How far can it travel on one tank of gas?

34.	 	An automobile uses gasoline at a rate of 12 kilometres 
per litre (km/L) and has a 65-litre tank. How far can it 
travel on one tank of gas?

35.	 	A four-cylinder engine has a total displacement of 
1300 cm3. Find the displacement of each piston.

36.	 	An automobile travels 1274 mi and uses 49 gal of 
gasoline. Find its mileage in miles per gallon.

37.	 	An automobile travels 2340 km and uses 180 L 
of gasoline. Find its fuel consumption in kilometres 
per litre.

38.	 	 To replace some damaged ductwork, 20 linear feet of  
8-in. 3 16-in. duct is needed. The cost is $13 per 4 lin-
ear feet. What is the cost of replacement?

39.	 	The bill for a new transmission was received. The 
total cost for labor was $516. If the car was serviced for 
6 h, find the cost of labor per hour.

40.	 	The cost for a set of four tires is $596. What is the 
cost of each tire?

41.	 	A small Cessna aircraft has enough fuel to fly 
for 4  h. If the aircraft cruises at a ground speed of 
125 miles per hour (mi/h or mph), how many miles can 
the aircraft fly in the 4 h?

42.	 	A small plane takes off and climbs at a rate of  
500 ft/min. If the plane levels off after 15 min, how high 
is the plane?

*Although cm3 is the “official” metric abbreviation for cubic cen-
timetres and will be used throughout this book, some readers may 
be more familiar with the abbreviation “cc,” which is still used in 
some medical and allied health areas.
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	 1.1  ◆  Review of Basic Operations	 9

43.	 	Inventory shows the following lengths of 3-inch 
steel pipe:

    5 pieces 18 ft long

  42 pieces 15 ft long

158 pieces 12 ft long

105 pieces 10 ft long

  79 pieces 8 ft long

  87 pieces 6 ft long

What is the total linear feet of pipe in inventory?

	44.	 	An order of lumber contains 36 boards 12 ft long, 
28 boards 10 ft long, 36 boards 8 ft long, and 12 boards 
16 ft long. How many boards are contained in the order? 
How many linear feet of lumber are contained in the 
order?

45.	 	Two draftspersons, operating the same computer 
plotter, each work 8 hours per day. One produces 
80 drawings per hour; the other produces 120 drawings 
per hour. What is the difference in their outputs after 
30 work days?

46.	 	A shipment contains a total of 5232 linear feet of 
steel pipe. Each piece of pipe is 12 ft long. How many 
pieces should be expected?

47.	 	The wall is 10 ft high and the vertical length of the 
window is 54 in. The center of the window needs to 
be at a distance of 5/8 of the height of the wall above 
the floor (to meet the special Fibonacci ratio crite-
ria). How should a window 75 in. wide be horizon-
tally placed so that it is centered on a wall 17 ft 5 in. 
wide? How high is the bottom of the window above 
the floor? 

48.	 	A farmer expects a yield of 165 bushels per acre  
(bu/acre) from 260 acres of corn. If the corn is stored, 
how many bushels of storage are needed?

	49.	 	A farmer harvests 6864 bushels (bu) of soybeans 
from 156 acres. What is his yield per acre?

	50.	 	A railroad freight car can hold 2035 bu of corn. 
How many freight cars are needed to haul the expected 
12,000,000 bu from a local grain elevator?

	51.	 	On a given day, eight steers weighed 856 lb, 754 lb, 
1044 lb, 928 lb, 888 lb, 734 lb, 953 lb, and 891 lb.  
a. What is the average weight? b. In 36 days, 4320 lb of 
feed is consumed. What is the average feed consump-
tion per day per steer?

	52.	 	What is the weight (in tons) of a stack of hay bales 
6  bales wide, 110 bales long, and 15 bales high? 
The average weight of each bale is 80 lb. (1 ton 5  
2000 lb.)

	53.	 	From a 34-acre field, 92,480 lb of oats are harvested. 
Find the yield in bushels per acre. (1 bu of oats weighs 
32 lb.)

	54.	 	A standard bale of cotton weighs approximately  
500 lb. How many bales are contained in 15 tons of  
cotton?

	55.	 	A tractor costs $175,000. It has a 10-year life and a 
salvage value of $3000. What is the annual deprecia-
tion? (Use the straight-line depreciation method. See 
Example 10.)

	56.	 	How much pesticide powder would you put in a  
400-gal spray tank if 10 gal of spray, containing 2 lb of 
pesticide, are applied per acre?

	57.	 	Daylilies are to be planted along one side of a 30-ft 
walk in front of a house. The daylilies are planted 5 in. 
from each end and 10 in. apart along the walk. How 
many daylilies are needed?

	58.	 	A potato patch has 7 rows with 75 hills of potatoes 
per row. If each potato hill yields 3 lb of marketable po-
tatoes, how many pounds of marketable potatoes were 
produced?

Using Ohm’s law, find the current I in amps (A) in each 
electric circuit (see Example 9):

	59.	

I

44 V220 V

	 60.	

I
24 V48 V

Ohm’s law, in another form, states that in a simple circuit 
the voltage E (measured in volts, V) equals the current I 
(measured in amps, A) times the resistance R (measured in 
ohms, V). Find the voltage E measured in volts (V) in each 
electric circuit:

	61.	

2 A
12 VE

	 62.	

2 A
24 VE

	63.	 	A hospital dietitian determines that each pa-
tient needs 4 ounces (oz) of orange juice. How 
many ounces of orange juice must be prepared for 
220 patients?

	64.	 	During 24 hours, a patient is to receive three 
60-mg doses of phenobarbital. Each tablet contains 
30 mg of phenobarbital. How many milligrams of 
phenobarbital does the patient receive altogether in 
24  hours? How many pills does the patient take in 
24 hours?
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