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      In a global economy, it is often necessary to be able to rapidly convert 
linear measurements between imperial and metric units. Some common 
conversions include the following:

Imperial to Metric Metric to Imperial

1 inch = 2.54 centimeters = (0.0254 m)

1 foot = 0.3048 meters = (304.8 mm)

5,280 feet = 1 mile = 1.609 kilometers

1 centimeter = 0.3937 inches

1 meter = 3.280 feet

1 kilometer = 0.621 miles

A great example for imperial to metric 
conversion involves track and field events 
in the Olympics. Each lap around the 
Olympic track is 400 meters. That means 
a runner covers a distance of 1,312 feet per 
lap (400 x 3.28 feet).  After completing 
four laps, a runner would have covered a 
distance of 1,600 meters or 1.6 kilometers. 
The conversion of that distance into feet 
is 5,249.34 feet. (Since a mile = 5,280 feet, 
the distance traveled after running four 
laps around an Olympic track is 30.66 feet 
shorter than 1 mile.)
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A runner from China says he runs the 
1,600 meter in 4 minutes and 2 seconds.

A runner from the U.S. says he can run the 
mile in that same time. 

Conversions of linear measurements, such as meters to feet and kilometers to miles, are useful 
for large-scale projects such as the distance around a track or comparing distances between 
cities or heights of buildings. For smaller scale objects, other smaller units of measurement 
need to be converted such as centimeters (cm) and millimeters (mm) to inches.  For example, 
a product designed in the U.S. might originally be created using decimal imperial engineering 
units. To be manufactured overseas, those units will need to be converted into metric. 
Conversely, the metric dimensions of a product outside the U.S. might need to be converted 
into inches.

Who is faster?
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The camera shown, 
manufactured in 
Japan, measures 

6.7 cm high, 
3.2 cm thick/wide, 
and 11.53 cm long. 

To make the 
conversion you 
need to know the 
following:

1 mm = .03937 in.
1 cm (10 mm) = .3937 in.

The imperial linear measurements for the camera would then be:
 
Height: (6.7 cm) x .03937 = 2.6377 in.
Thickness or width: (3.2 cm) x .3937 in./cm = 1.2598 in.
Length: (11.53 cm) x .03937 = 4.5393  in.

Engineers often have to take very accurate measurements on a number of precision parts. For 
example, you may need to measure features of a VEX motor to design a custom motor mount 
for a robot. An ideal tool for taking these measurements is the digital Vernier Caliper. With 
the simple push of a button the readout can convert back and forth between inches (in.) and 
millimeters (mm) with accuracy as tight as .05 mm.
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Architectural Units

Architects specify linear inches in a system that calls out feet and then the number of inches. 
For example, the width of a room might measure 15 feet 5 1/2 inches,  written 15 ft. 5 1/2 in.

Engineers denote imperial 
linear measurements 
in decimal form. A 
measurement of 5 ½ in. 
would be written as 5.5 
in.  To take architectural 
measurements and convert 
them into engineering 
format, you need to divide 
the inch dimensions by 12 
(because 12 in. = 1 ft.).

5.5 in. divided by 12 in. per foot = .458 ft.

So 15 ft. 5 1/2 in. would written in engineering units as 15.458 ft.
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A cabinet maker receives drawings for cabinet 
dimensions in architectural format. To cut the 
parts and install hardware using European 
(metric-based) drills and saws, she has to convert 
the architectural units into decimals and then 
convert those measurements to metric.

For example, the doors on the plans measure: 

1 ft. 4 in. wide by 2 ft. 6 in. tall

The conversion for these dimensions is as follows:

Width Height

1 ft. 4 in. = 1.333 ft.
1.333 ft. x (12 in./ft.) = 15.996 in.

15.996 in. x 2.54 (cm/in.) = 40.63 cm

2 ft. 6 in. = 2.50 ft.
2.50 ft. x 12 (in./ft.) = 30 in.

30 in. x 2.54 (cm/in.) = 76.2 cm

Architects and engineers are often required to interpret drawings by taking measurements 
using scales. An architect’s scale is used for measuring scaled drawings with scales such as 1/8 
in. = 1 ft. or 1/4 in. = 1 ft.
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Imagine that a builder reads a plan for a small 
right-angled wall section and uses a ¼ in. = 1 foot 
scale, but the drawings were drawn at a scale of 
1/8 in. = 1 foot.    A wall that was supposed to be 
6 ft. 6 in. would turn out to be 3 ft. 3 in.; a very 
costly mistake!

Civil engineers typically design large structures such as tunnels, bridges, dams, roads, and 
overpasses. They need a way to read scaled drawings to interpret large measurements such as 
miles. To do this, they may use a civil engineer’s scale. Each side of the scale has a different set 
of divisions from 10 to 60.   Imagine that a civil engineer is taking measurements of a square 
parking lot. If using the side of the scale in which one inch is divided into 20 segments, each 
segment would represent 10 ft.  If the parking lot was drawn at a scale of 1 in.  = 200 ft., the 
width and length of the lot in this example would be 240 ft.  x 240 ft.

What would happen if the engineer 
used the side of the scale with 10 
divisions but the lot was drawn at 1 
in. = 200 ft. ?  Instead of 240 ft., the 
width and length of the lot would 
be set at 120 ft. x 120 ft.  Someone 
would be very upset if the lot was 
built to a size that was 50% of the 
intended design.

In contrast to a civil engineer, a mechanical engineer often makes many measurements on a 
small scale. For quick, relatively precise measurement (not as precise as digital calipers), the 
engineer can use a decimal ruler.  Each inch on this part of the ruler is divided into 100 sections; 
each line represents .01.  In this case, the size of the wrench that will fit the hex head bolt is 
.4375 in.  This is equivalent to 7/16 in.
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The perimeter of any 2D polygon is the sum of the lengths of all sides. As a 
linear measurement, perimeter is recorded in imperial units such as inches, 
feet, yards, and miles or in metric units such as millimeters, centimeters, 
meters, and kilometers.

The perimeter of a space is a common measurement used in fields such as architecture, 
landscape design, and building construction. For example, an architectural plan might call for 
installing a certain type of molding around the perimeter of a room. If the room is a rectangle, 
you use the formula:

P = 2a + 2b

P = perimeter
a = length
b = width

P = (2 x 20’) + (2 x 15’) 

P = 70 linear feet
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Because there is one door in the room, the number of linear feet of wall molding used is reduced 
by the width of the door. 

If the two windows in the illustration each measured 2 feet wide by 3 feet high, you use the 
same formula to calculate the amount of window casing that is used around each window.

P = 2a + 2b
P = (2 x 2) + (2 x 3)
P = 10 ft. per window (total of 20 
linear feet of casing for two windows)

A backyard lawn has 
an irregular shape. 
The perimeter is 
calculated by adding 
up the lengths of each 
section.

P = 3’+ 9’ + 7’ + 3’ + 9’ + 8’ + 3’ + 12’ = 54’
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A furniture manufacturer has to determine the amount of flexible edge molding that is needed 
for a tabletop. To calculate the perimeter, you have to know the formula for calculating the 
circumference of a circle (each end of the table is a semicircle).

The circumference is calculated by the 
formula 2π r. Since the radius is 2 feet, you 
get the following formula:

2(3.142 x 2 ft.) = 12.568 ft.

Add the 6 feet from the two straight sides 
to get a total perimeter of flexible molding 
of 18.568 ft.
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is best thought of as the size of a two-dimensional plane that has specific 
boundaries.  For example, the area of a room is the floor (2D plane) with the walls serving 
as boundaries.  Area is designated in square units such as square feet, square yards, square 
meters. This means that you calculate the number of square units that fit within the 
boundaries of a 2D plane.

Area

Area of a Rectangle

A hardwood flooring company charges 
by the number of square feet of wood 
floor that needs to be installed.  Each 
room is a rectangle with the following 
measurements:

Room A: 13 ft. x 15 ft.

Room B: 20 ft. x 22 ft.

Room C: 10 ft. x 12 ft.

The area of each room can be calculated using the formula:

Room A: 13 ft. x 15 ft. = 195 ft.2

Room B: 20 ft. x 22 ft. = 440 ft.2

Room C: 10 ft. x 12 ft. = 120 ft.2

Total Area = 755 ft.2

A = L (length) x W (width)
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Area of a Triangle
A student designs a table with a triangular tabletop. To 

determine how much plastic laminate needs to be purchased, the area of the top must 
be calculated.  To calculate this, you use the following formula:

Area = 1/2 of the base x the height  or  a = 1/2 bh

a = 1/2 x 8 ft. x 5 ft. = 20 ft.2

Area of a Circle
A landscaper is asked to prepare an area of a backyard for the 

installation of an outdoor above-ground pool. The pool diameter is 26 ft. (the radius is 
13 ft.).  How much lawn area will be taken up by the pool?  To calculate this, you use the 
following formula:

Area of a circle = A=πr2

3.142 x 13 ft. x 13 ft. =  531 ft.2

Surface Area
Although they are similar terms, surface area is often considered 

different than area in that it refers to the surface of a three-dimensional geometric form.   
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Surface Area of a Cylinder
A useful way to think about the surface area of 

a cylinder is to think of a can with a label. The surface area has to include the area of the top 
and bottom circles as well as the area that wraps around the cylinder like a label.  Think of a 
can of soup with a radius of 1.5 inches (top and bottom) and a height of 4 inches.

Total surface area = 51.843 in.2

Surface area = 2(area of top) + (perimeter of top)* height
Surface area = 2(π r 2 ) + (2 π r)* h
2 (3.142 x 1.5 in.2 ) + (2 x 3.142 x 1.5 in.) 4 in.  = 51.843 in.2

Area of a Sphere
Imagine that an outdoor recreational equipment 

manufacturer develops a hemisphere tent design. The radius of the circle at the bottom of 
the tent is 5 feet. The company needs to know the area that will be covered by the nylon 
tent material. To calculate this, you use the following formula:  

S (surface area) of a sphere = 4πr2

4 x 3.142 x (5 ft.)2 = 314.2 ft.2

Since the tent is a hemisphere, you divide this 
figure by two.

Total surface area of the hemisphere =  157.1 ft.2
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Volume refers to the amount of three-dimensional space an object occupies. The physical 
matter contained within the 3D space can be in a liquid, gaseous, 
or solid state. The size and shape of volumetric forms can 
range from simple cubes (for example, a box) to highly complex 
organic forms (for example, a snail shell).

Remember, volume is not the same as weight or density. For instance, you can have a cardboard 
box that is 12 in. wide, 18 in. long, 12 in. high. The volume is calculated by multiplying L x W x H = 
2,592 cubic in. When empty, the box has the same volume (filled with air) as it does when filled 
to the rim with baseballs. Of course the weight is drastically different, but the volume of the 
container remains the same.

L x W x H

There are many real-world situations 
that require the measurement of 
volume such as calculating the water 
capacity of a built-in swimming pool or 
determining how much UPS will charge 
to ship a cardboard box.

To calculate the volume of a particular form, mathematical formulas are used.  In many 
instances you can now find online “calculators” that will help you determine the volume and 
also convert between different types of units in both imperial and metric systems. The following 
are examples of how volume measurements are used in the real world.
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A pyramid has a base and triangular sides that converge at the same point. The base can be any 
polygon such as a square, rectangle, or triangle. The formula for calculating the volume is:

V = Area of the Base x Height x 1/3

The volume of a pyramid with a rectangular (square) base is then equal to: 

The length of the base x the width of the base x height x 1/3

For the Pyramid:

V = 1/3 Ah
1/3 x (6 cm)² x 10 cm = 120 cm³

Volume = 120 cm³

While you might not have a need to build a full-size pyramid, you might want to design 
something that incorporates part of a full pyramid such as this skate park feature. Imagine 
that this is going to be constructed as a solid poured concrete form. The builders will need to 
know how much concrete has to be delivered and how much the concrete will cost. You can 
solve this problem by calculating how high the full pyramid would be if the lines that define 
the edges converge to meet at the top. You can then subtract out the volume of the part of the 
pyramid that has been cut off. There is, however, a simple way, using the following formula for a 
truncated square-base pyramid:

Because concrete is sold by the cubic yard, you have to convert 
cubic feet into cubic yards. One cubic yard = 27 cubic feet. You 
divide 832 by 27 and you get 30.81 cubic yards (written 30.81 yd.³).

Now you get to make another measurement—cost.  Assume that the concrete costs $70/yd.³. 

30.81 yd.³ x $70/yd.³ = $2,156.70 (poured into forms)

You will also have to add the cost of prep work and construction of the forms.

V = 1/3 (a²  + ab + b²  )h
V = 1/3 (20² ft. + 20 ft. x 8 ft. + 8² ft.) x 4 ft.
V = 1/3 (400 ft.² + 160 ft.² + 64 ft.²) x 4 ft.
V = 2,496 ft.³/3 = 832 ft. ³
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One of the most common geometric forms used for containers to store liquids, solids, or gases 
is the cylinder. The cylinder has a circular bottom. To determine the volume, you multiply the 
area of the bottom circle times the height. The area of the circle is calculated with the formula:

A = πr²
V= πr²h

π(pi) = approximately 3.142
r  = the radius of the circular end of the cylinder
h  = height of the cylinder

Calculations for the cylinder are:

3.142 x 9 cm x 9 cm = 254.502 cm²
254.502 cm² x 15 cm = 3,817.53 cm³

In many instances, you need to convert this solid measure into units for liquid measure.  In this 
case, you might want to convert cubic centimeters (cm³) into liters (L).

If you are in the U.S., you may be asked 
to give the liquid volume measurement in 
ounces.

1 cm³ = 0.001 liters

3,817.53 cm³ x 0.001 L/cm³ = 3.8175 L

1 liter = 33.814 fluid ounces

To convert from liters to ounces you 
multiply:

3.8175 L x 33.814 fl. oz./L = 129.085 fl. oz.
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One scenario where you would need to calculate the volume of a cylinder involves the use of 
underground storage tanks or cisterns, where rainwater runoff collected from the roof is stored 
for future use. To determine the volume, you use this formula:

V= πr² x h
V = 3.142 x (3 ft.)² x 13 ft.
V = 3.142 x 9 ft.² x 13 ft.
V = 367.56 ft.³

What if you need to convert this calculation into liquid gallons (gal.)? To get your answer use the 
following information:

1 cubic ft. = 7.48 gal. (U.S.)
367.56 ft.³ x 7.48 (gal./ft.³) = 2,749.3 gal.

What if you wanted to know how long it 
would take to fill the tank if water was 
running into the drainage system and 
filling the tank at a rate of .6 gallons per 
minute?  To do this, you divide:

 2,749.3 gal./.6 (gal./min.) = 4,582.16 min.

To figure out how many hours it would 
take, divide by 60 (60 minutes in an hour).

4,582.16 min. /60 (min./hr.) = 76.36 hr.
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Assume the sphere or ball in the 
image has a diameter of 4 inches; 
therefore, the radius would be 2 
inches.

Pi is approximately 3.142.  With this 
information, you can calculate the 
volume of the sphere:

The formula used to calculate the volume of a sphere is:

A family owns a geodesic dome. The form 
of the dome equals one half of a sphere. 
The diameter of the sphere is 30 feet 
and the height or radius is 15 feet. They 
are trying to determine what size of an 
air conditioner they need to install. The 
contractor said that to choose the right 
AC, they have to determine the volume of 
the space.  The calculation is:

V = 4/3 π r³/2

V = 4/3 x 3.142 x (2 in.)³ = 33.5 in.³

V = 4/3  x 3.142 x  15³ ft.   
V= 4/3 x 3.142 x 3,375 ft.³ = 14,139 ft.³

Since the dome is half a sphere (hemisphere), 
the volume is cut in half = 7,069.5 ft .³

V = 4/3 π r³
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Our system of angular measurement is based on a circle where the radius, pivoting from the 
center, can be rotated 360 times. Each rotation represents 1 degree. Each degree is divided into 
60 minutes.

Each minute can be further divided into 60 seconds.

Angles
identified in degrees, minutes, 

and seconds are helpful in calculating all 
types of measurements such as latitude and 
longitude, the trajectory of a rocket, or the 
cut made on rafters used to build a roof for 
a home.

A good example of angular measurement is a 
wheel chair accessibility ramp. The Americans 
with Disabilities Act (ADA) law requires that the 
slope does not exceed 1/12.  Slope is calculated 
by a ratio of the change in vertical distance (y 
axis), referred to as the rise, in relationship to the 
change in horizontal distance (x axis), referred 
to as the run.  A slope of 1/12 means that for 
every vertical increase of 1 inch, you must extend 
horizontally 12 inches.
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You can calculate the angle of the ramp (sometimes referred to as the grade) using 
trigonometry. In this case, you divide 1 by 12. 

1 / 12 =.0833

Using a calculator or a chart, you find the inverse tangent to get the angle:

Inverse Tan .0833 = 4.76 degrees

Imagine that you have to create a ramp that will be used to move from ground level up vertically 
3 feet.  Based on the 1/12 slope, you would need to extend the map horizontally a distance of 36 
feet.  The angle would be 4.76 degrees.

It is often handy to identify the type 
of angle involved in the design or 
measurement of an object.  A right or 
90-degree angle is often needed to make 
sure that construction elements are 
square, such as the foundation and walls 
of a home or the sides of a cabinet.
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Radians
Another unit of 

measurement used to describe the 
number of degrees in a certain arc of 
a circle is called a radian. One radian 
represents the number of degrees 
created by the arc, described by 
wrapping the radius of a circle around 
its circumference.

π = 3.142
Therefore, in one half of 

a circle (180°), there are 3.142 radians, 
found by the formula:

The 
circumference 

of a circle is 
calculated by 

using the formula  
2 π r.

180°  ÷ 3.142 = 57.29°/radian

Computer programs for robotics, where precise rotations of servo 
motors are required, often use radians or decimal parts of radians 
instead of degrees.



23

Proportion
Learn More

Proportions as Fractions
In algebra, a proportion is used to compare two 

ratios, which can be seen as a comparison of values.  A builder installing a ceramic tile might 
need one end cap tile for every six regular tiles.  The ratio is 1:6. This ratio enables the builder 
to figure out how many of each tile must be ordered to complete a job.  Ninety regular tiles are 
needed, how many end caps will the builder order?

Ratio of regular tiles to end cap tiles.

Using cross-multiplication of the extremes and means in a ratio, the builder can arrive at the 
correct answer.

The builder needs to order 15 end cap tiles.

6           90
=

1              x

1 x 90 = 6X
90 ÷ 6 = 15
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Proportions can be represented in percentages. A good example is the percentage of 
ingredients found in concrete by volume. In general,  41% of a concrete mix is a coarse 
aggregate such as crushed  stones or gravel by volume.  A contractor has to determine the 
volume of concrete needed for a particular project as a measurement of cubic yards.  Forty-one 
percent of each cubic yard needs to be aggregate. If 30 cubic yards of concrete are needed, then 
12.3 cubic yards of gravel must be used in the mix. No matter how many yards of concrete are 
used, the amount of aggregate will always be 41% of the total.

Concrete mix consists of 41% aggregate.

Proportion is an important factor in engineering design. You often hear car designers talk about 
the proportions of a vehicle design such as the relationship of the cars length to its width. The 
proportions of the sports car with a low roof line is different than the proportions of a compact 
car. Proportions are critical aspects of designs for products such as handheld tablets. The 
thickness of the product in relation to the width and length is expected to be low (low profile).

Proper proportions are key to a product’s 
functionality and marketability.
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Scale
It is important not to confuse proportion with scale.  Scale-model trains are a 

good example.  A scaled-down version of an actual full-size train needs to maintain the same 
proportions. The relationship of height to length to width must remain the same.  A scale-
model train in HO scale is made to a scale of 1/87. An O scale of the same train is made to a scale 
of 1/48.  Every detail on each of the two scale-model trains will be identical in proportion.

Various scale-model trains maintain 
the same proportions.

Professional engineers and architects 
rely on scale drawings to communicate 
information needed to build an object such 
as a skyscraper or a bathroom to the right 
size.  Architects often produce drawings 
drawn to a scale of 1/8 inch = 1 foot.  
Each 1/8 inch increment on the drawing 
represents 12 inches.  

Scale drawings convey the needed information 
for objects that are much larger.  
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It is important to recognize that weight and mass are not the same thing. The mass of an object 
is a measurement of the amount of matter (the molecular makeup) contained in the object. The 
unit of measure for mass is the kilogram (kg).  Weight is a measurement of force that is affected 
by gravity.

The mass of a person (skeleton, organs, fat, water, blood, and so on) will be the same whether 
they are located on Earth or the moon. However, because of differences between the 
gravitational pull of Earth versus the gravitational pull of the moon, the same person (same 
mass) would have a different weight in the two locations.

The force of gravity on the moon 
is about 1/6th the force of gravity 
on Earth. A person who weighs 
200 pounds on Earth would weigh 
33.333 pounds on the moon.

Some common units of weight and 
mass in imperial and metric and 
their conversions are:

1 milligram = 1/1,000,000 kilogram = 1/1,000 gram
1 centigram = 1/100,000 kilogram = 1/100 gram
1 decigram = 1/10,000 kilogram = 1/10 gram
1 gram = 1/1,000 kilogram
1 dekagram = 1/100 kilogram = 10 grams
1 hectogram = 1/10 kilogram = 100 grams
1 kilogram (basic unit of weight or mass)
1 metric ton = 1,000 kilograms

Metric
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Imperial

1 grain = 1/7,000 pound = 1/437.5 ounce
1 dram = 1/256 pound = 1/16 ounce
1 ounce = 1/16 pound (basic unit of weight or mass)
1 short hundredweight = 100 pounds
1 long hundredweight = 112 pounds
1 short ton = 2,000 pounds
1 long ton = 2,240 pounds

Conversion Factors

1 milligram = 0.015 grain
1 grain = 64.8 milligrams
1 gram = 0.035 avoirdupois ounce
1 avoirdupois ounce = 28.35 grams
1 troy or apothecaries’ pound = 0.82 avoirdupois pound = 0.37 kilogram
1 avoirdupois pound = 1.2 troy or apothecaries’ pounds = 0.45 kilogram
1 kilogram = 2.205 avoirdupois pounds

MASS 
 As noted, weight and mass are two different types 

of measurement. 

It is important to realize that identical volumes of different 
matter (materials) will have a different mass. For example, 
imagine a block of three different materials that measure 1 
cubic meter (1 m).

1 m3  of lead has a mass of  11,389 kg
1 m3  of pure water has a mass of  1,000 kg
1 m3  of solid cork has a mass of  284 kg
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FORCE 
Understanding the concept of mass is key to 

understanding the laws of physical motion. 
According to Newton’s law of motion, all objects 
containing matter (or mass), if at rest, want to stay at rest, 
or if in motion, want to remain in motion. The resistance 
of any physical object to change from this state of rest 
or motion is called inertia. Inertia is why a bike rider will 
go flying forward if the bike suddenly crashes into an 
obstacle. The bike has stopped but the law of inertia wants 
the person who is in motion to remain in motion. 

The blocks in the wagon are like passengers in a car. If the car 
crashes, the blocks, which were traveling at the same velocity as 
the wagon, want to keep moving forward unless contstrained by 
something like a seat belt.

The unit of measure for force is called a newton (N).   One 
newton is equivalent to the force needed to move a mass of 1 kg 
at an acceleration of 1 m/s3 .

Newton’s second law of motion enables us to measure how much force is needed to move an 
object with a given mass a particular distance over a specific period of time. Acceleration is 
produced when a force acts on a mass. An increase in the mass of the object being accelerated 
requires a greater amount of force to accelerate the object at the same rate.  Newton’s second 
law of motion is represented by the formula:

Force = Mass  x  Acceleration  (F = MA)
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ACCELERATION

In this scenario, if you pushed the car for ten seconds using the same amount of force, the car 
would travel 5 meters (16.33 ft.). If the same amount of force was applied for one minute (with no 
changes in the pavement), the car could be pushed a distance of 180 meters (or 590.55 ft.).

Imagine that your car breaks down and you have to push it 
to a parking spot to wait for a tow truck. You know that the 
car weighs 1,200 kilograms (kg) (approx. 2,640 lbs.) and the acceleration is .1 meters/second/
second. Using the formula F = MA, you can determine the force that is needed to move the car 
at the required acceleration.

F = MA
F = 1,200 kg x .1 m/s²

F = 120 newtons  (120 N)

In calculating acceleration, you can think of an object such as a vehicle speeding up over a 
particular span of time. If a vehicle is traveling in a straight line, you can calculate acceleration 
using the following formula:

Acceleration =   Final Speed – Initial Speed

                                                      Time
This can be written:   a = ( Sf – Si )

                                               t

Think of a motorcycle driving on the freeway.  
Over a period of 6 seconds, it increases speed 
from 3 m/s to 11 m/s.  The acceleration is then 
calculated as follows:

a = ( Sf – Si )
               t
a   = (11 m/s – 3 m/s)/(6 s) = (8 m/s)/(6 s)
a = 1.33 m/s²
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The volume of an object is the amount of space it occupies in a container.  Common liquid 
volume measurements in imperial and metric units include the following:

1 US gallon equals 1 imperial gallon equals 1 liter equals

1 US gallon 1.20095042  US gallon 0.264172052 US gallon

0.83267384 Imp gallon 1 Imp gallon 0.219969157 Imp gallon

3.78541178 liter 4.54609188 liter 1 liter

Liquid volume measurements of small 
quantities that require a moderate level 
of precision can be made using a liquid 
measuring cup. Imperial and metric 
measurements appear on opposing sides 
of the cup.

For more exact measurements of liquids 
(small quantities), a type of science lab 
equipment called a graduated cylinder 
can be used. Each mark in the graduated 
cylinder on the left represents 1 ml. 
Every 10 ml = 1 centiliter (cl). The marks 
on the right are less accurate, indicating 
every 2 ml.

A useful method for measuring 
the volume of an object with 
a nonuniform form, such as 
a rock, is the displacement 
method. A measurement is 
taken prior to submerging the 
object in the liquid.  Another 
measurement is taken after 
inserting the object. The 
difference in readings provides 
the volume of the object.  The 
object has displaced the liquid.
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Temperature
is a measurement of kinetic energy in that it measures the 

movement of particles within matter. An increase in the movement of particles means an 
increase in kinetic energy. An increase in kinetic energy subsequently results in an increase 
in the temperature of a material or object. When matter is heated, molecules speed up 
and move farther apart. This is why a material such as asphalt will expand and buckle if 
the summer heat gets too intense. Conversely, when matter is cooled, the molecules slow 
down and matter contracts. This change in matter is used as the basic operating principle of 
thermometers.

Converting Fahrenheit and Celsius 

In this scenario, the outside temperature is measured at 91ºF. You can convert this to Celsius by 
using the following formula:

oC =
5-9 (oF-32)( (

Two systems of temperature measurement are Fahrenheit and Celsius.
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The Kelvin Scale
The Kelvin scale offers another measurement for temperature.  

In this scale, K represents the lowest temperature of an object (referred to as absolute zero). 
A temperature reading in Celsius can be converted to Kelvin with the following formula:

In the middle of summer in California, a Fahrenheit thermometer shows the temperature to be 
91°F. What is this temperature on the Celsius scale?

oC =
5-9 (91-32)

=
5-9 (59 32.77)=

(
(
(
(

Taking the measurement from the previous 
example,  32.77 °C would be converted as follows: 32.77 ˚C =  K - 273 

oC = K - 273

32.77 ˚C =  305.77 K 

91 degrees F = 32.77 degrees C

C F
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The example of speed as shown in the game is one of many examples of what is referred to as a 
rate. A rate is a ratio that compares two quantities of different units. In the case of speed, you 
travel a distance by the time it takes.

                 Distance
                 Time

In physics, a similar measurement called velocity 
indicates both the speed and direction of movement.

There are many different types of rates used for measurement:

For example, you might compare the cost of a food item by weight:  1 lb. of chicken for $4.99 
or a 15 oz. jar of peanut butter sold at a rate of $0.17 per oz.

Other examples of rates include:

•	 Miles per gallon  

•	 Kilowatts per hour

•	 Gallons per second

•	 Rotations per minute

Speed =
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Btu is the acronym for British thermal unit. It is a measurement of thermal 
energy. One Btu represents the amount of energy needed to heat 1 pound 
(0.454 kg) of water from 39°F to 40°F (3.8°C to 4.4°C).

As used in the Measurement Game, Btu refers to the power of heating and cooling systems, 
such as furnaces and air conditioners. When using Btu as a measurement of power, it is 
described as a rate, Btu/hr.
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Electrical energy supplied to a home or workplace can be generated through a variety of means, 
ranging from  wind turbines and solar panels to hydroelectric dams, oil, gas, coal, and nuclear-
powered generators. Regardless of the source, the electrical energy flowing into a home is 
measured through calculations that include three key variables:

Voltage 
is the pressure that 

is “pushing” electrons through a 
conducting material such as electrical 
wires. Voltage is often compared to 
the water pressure that forces water 
through a hose. 

Water flowing slowly through a pipe is 
analogous to low voltage through an 
electrical wire. 

Covering the mouth of a hose with 
your thumb, causing a jet of water, is 
analogous to high voltage through an 
electrical wire.

Amperage
is the amount of electrical current passing a particular point at a given 

time. Amperage is often compared to the amount of water that flows past one point in a 
hose at a particular point in time. Think of a water hose with the valve barely open—the 
amount of water passing a given point in the hose is very low. Now imagine the valve 
completely open—the amount of water passing a given point dramatically increases 
(like water rushing through a hose while fighting a fire). This is similar to an increase 
in amperage.  An increase in amperage means more electrons are passing a point at a 
particular time.
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Watts
refer to electrical power or how much 

energy is released per second. The name is derived 
from James Watt, who helped develop the steam 
engine. Mechanical power is usually measured in 
horsepower, but horsepower can also be converted 
into watts. Watts are directly related to voltage and 
amperage. The following formula is used to calculate 
watts:

power (in watts) = voltage (volts) x current (amps)

A good way to understand this is to think of different 
sizes of light bulbs. For example, a bulb placed in a 
circuit that is rated at 2 amps, running off a 12-volt 
battery, would be rated at 24 watts.

X = 2 amps x 12 volts

X = 24 (watts)

Resistance, as the name suggests, impedes 
the flow of electrons; it is the opposite of 
conductance. In the diagrams below, the 
filament in an incandescent bulb provides 
resistance to the flow of electrons.  This 
resistance causes the filament to glow and 
radiate heat. Resistance is measured in units 
referred to as ohms (Ω).

To really understand the concepts 
of voltage, amperage, and watts, 
you also need to understand 
resistance and a formula referred 
to as Ohm’s law. Ohm’s law defines 
the relationships between voltage 
(V), current (I), and resistance 
(R). One ohm is the resistance 
value through which one volt will 
maintain a current of one ampere.  
With this information, you can also 
calculate watts and kilowatts.
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Devices that plug into a home electrical circuit, such as a computer, refrigerator, lamp, or TV, 
exert a certain amount of resistance to operate. The Ohm’s law triangle helps you determine 
either voltage, current (represented by the letter I), or resistance by plugging in the two known 
variables.

A typical light bulb used in a U.S. home might 
be rated at 100 watts. The voltage is always 
going to be 110. With that information, you can 
easily calculate the amperage.

100 (watts) = 110 volts  *  (  _ quantity of amps)

This can be written 100 = 110 X.

100 / 110 = .909 amps
The wattage or the power drawn 
by electrical devices used in a 
home can usually be found either 
printed on a label or in a chart. 
For example, a typical hair dryer 
might be rated at 1,500 watts, a 
refrigerator at 300 watts, a desktop 
computer at 200 watts when in 
use. The amount of electricity used 
in the home is determined by the 
total number of watts times the 
amount of time a device is used. 
The cost of electricity is often 
based on the number of kilowatts 
used every hour of time, referred 
to as kilowatt hours (kWh).

1,500 watts

200 watts

300 watts
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Assume that there are 30 days in a month and the cost of 
electricity is 16 cents per kilowatt. You leave a 100-watt light bulb 
on 12 hours a day for the entire month. To determine how much 
you are paying per month to illuminate this bulb, you use the 
following formula:

wattage   x   hours used  ÷  1,000  x  price per kWh  =   cost of electricity

For the 100-watt bulb, you get the following:

100 (watts) x 12 (hrs./day) x 30 (days) / 1,000 (W/kW) 
= 36 kWh 

36 kWh x $.16/kWh = $5.76 per month to keep this one 
bulb lit.

Imagine if you replaced the 100-watt incandescent 
light bulb with a 25-watt compact fluorescent (CFL) 
bulb. Instead of $5.76 per month, you would pay $1.44 
per month.
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Most manufacturers provide the wattage of their devices. Here are some common designations.  
Based on these numbers, you can figure out how many kWh are used per device, depending on 
how often and how long it operates. Using the following information, figure out the monthly 
cost of electricity to run each of these appliances (at 16 cents per kWh).

1,000 kWh 

700 kWh  400 kWh  

Washer 

Stove

3,000 kWh 

Toaster 

Refrigerator 


