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Dimensional Analysis

There are two rules that you must use when unésmaolved in problems. They are:

1. Only quantities with the same units can be added or subtracted. You cannot add or subtract apples

and oranges.

2. When quantities are multiplied or divided, their units are also multiplied or divided.

To illustrate this, imagine trying to add 50.0 mmg té 3.50 atm. Both mm Hg and Atm are units of
pressure. We know that the mathematical sum is B8it5what are the units? Are the units "mm Hg"
(millimeters of mercury) or "atm” (atmospheres)ZEnswer of 53.5 has no meaning because the units
on each number are not the same. Therefore, cadvéhe pressures in the forms given? No!
However, if you know that 1 atm = 760 mm Hg, you canvert 3.50 atm to mm Hg and add the results
to 50.0 mm Hg. This is done for you below.

350 atm X L29MMHI _ oesn mm Hg
1 atm

Units are a part of all problems. If the units agrawut correctly leaving you only with the unitsuyo

want in the answer, you know you have set up tbblpm correctly. This powerful method of setting up
problems is known as "dimensional analysis" or t'analysis." Because of the way the set-up of the
problem looks on paper, it is sometimes referreaksta "fencepost.” Here is an example of the setup:

. What units you want .
What units you hav{ Y l = What units you want

What units you hay

You are ready to try some sample problems involunigs and their cancellation. After you have some
experience with these types of problems, you willize that you are capable of working many tydes o
problems without memorizing formulas. Dimensionalgsis is not always the shortest way to solve a
problem. However, as problems get more and morglomdimensional analysis gets more and more
powerful because it can guide you through the logguired, and it allows you to set up large pafts
the problem at once, rather than doing a complicpteblem in small parts - one at a time. In additi
you will find that you can solve problems withoudwing anything about the meanings of the terms
involved.

Work the following problems. The problems have bpartially set up for you. Cancel out units and
place the correct units on your answers. Neveresgpanswers as fractions!

Problem 1.

If 1 tree = 10 branches, and 15 nests = 15 eggs] daby bird = 1 egg, and 2 trees = 1 yard, and

5 branches = 5 nests, how many baby birds are thdrgard behind a house? (Start with the
information given, 1 yard, and solve for baby biyds

2 trees X 10 branches X 5 nests X 15 eggs X 1 baby bird

1 yard X —
1 yard 1 tree 5 branches 15 nests 1 eqgq

= _ bhaby birds



Problem 2.

Two warts = 1 querk, 3 querks = 1 gag, 5 gags ernpand 4 nerfs = 5 wigs. How many warts are
there in 1 wig? Don't panic! You are looking forrtga and you are given wigs. So, we start the
fencepost with 1 wig and set up the units so they tancel and leave you with warts. Finish theupet
below and calculate the answer.

. fs
Twig X — == = _warts

wigs T

A word that we use a lot with units is per. We gales per gallon (mi/gal) or miles per hour (mi/br)
grams per mole (g/mol). These are common unitstlaeygare used in the following problems. Solve
these problems making certain that you show ajooir work, including units.

Problem 3.

1.00 case of apples costs $16.00. What is thepewstozen if a case contains 14.0 dozen applest (Yo
want to end with units of $/doz.)

1.00 case X 3

14 dozen 1 dozen

Problem 4. A car travels 300.0 miles on 11.0 gallons of ¢rmv many miles is the car able to travel
when 143 gallons of gas are used? (Be sure toimsndional analysis.)

143 gal X = _miles

The term "per” can be denoted by a single line.dxample, miles per gallon can be written as mi/gal
The term also gives a clue as to the mathematiogkgs that is involved. Is the process addition,
subtraction, multiplication, or division?

The following problems are designed for you to pc&ccanceling out units as they fit into the
problems. Note that singular and plural units #ratotherwise the same are considered identical and
can cancel each other. For example, apple can capgles.

Problem 5. Indicate for each problem, what units are leftradiiecanceling has been done.

Examples:

mL Vfaat)
[ X . mL sec’ X — = (sec)(fest)



Write down the units that you will end up with iaah of the following:

J
a. mole X =
mole
miles
b. hrs X =
hir
feet san min
(W - = =
sec min hr
0 mole
d. X =
maole L
mole
e. moles X —— =

=

d
moles X =
mole

e

male J
X
dg- 9 q mole
L at
h. mole X 09 X 20 =
L male mg
_cm? m dm 1
i. HNo— K — K — =
m dm cm hec

. mole
== X =
maole g

If you can handle numbers and units, you shouldide to do problems such as the following example.
If a person can run 100 yards in 10.5 seconds,fastris he/she running in miles per hour? (1766 yd

mi). First set up the unit analysis for solving greblem:
yd mi SEC min mi

sec i min hr hr

Notice how all units cancel except those we walteddeep in the answer. Substitute the proper nusnber
and solve the problem in the space below. Seeufget the answer given.

yal i Sec min 19.5 mi
X X X = ——
sec v min hr 1.00  hr




Problem 6.

Make the following conversions using dimensionallgsis. Show your work neatly.
a. Change 400.0 ounces to its comparable figutens

(16 ounces = 1 pound, and 2000 pounds = 1 ton.)

b. Calculate the number of seconds in 1.000 week.

c. Convert 2.00 miles to fathoms. (1 fathom = G;féamile = 5280 feet)

d. Change 400 cubic feet per 1.00 second to gpartminute.
(0.265 gallons = 0.0353 ft3; 4 quarts = 1 gallon)

400. ft
1.00 sec

X




