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* How we measure things!

 All things in classical mechanics can be expressed in
terms of the fundamental dimension or unit:

Dimension Unit
LLength L meter (m)
L Mass M kilogram (kg)
L Time T second (s)

* For example:
»Speed has dimension of L/ T (i.e. km per hour).

»Force has dimension of ML / T2 etc... (as you will
learn).
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THE SCALE OF THINGS

Things Manmade
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S| (Systéme International) Units:
»mks: L =meters (m), M = kilograms (kg), T = seconds (s)
»cgs: L =centimeters (cm), M = grams (gm), T = seconds (s)

Derived Units :
— Newton, Joule, Watt, Ohm .... and etc.

British Units:
— Inches, feet, miles, pounds, slugs...
— fps : L = foot, M = pound, T = second

We will use mostly Sl units with mks system, but you may run across
some problems (rarely happen) using British units. You should know
how to convert back & forth.
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The 7 International System of Units (SI

Quantity S| Units
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Derived Units

In terms of Base

Quantity Unit Abbreviation Units
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Converting between different systems of units

mi_ g sag0 Sl L L g™
hr hr mi 3.28 ft 3600 s s
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Factor Prefix Symbol Factor Prefix Symbol
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Quantiiy Unit Name  Unit Symbol
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Basic Quantities and Their Dimension

Dimensions and Units of Four Derived Quantities

Quantity Area Volume Speed Acceleration

Dimensions : L3 L/T L/T?

SI units m?

m/s m/s?
U.S. customary units 2 f ft/s fi/s?
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Dimensional Analysis

Technique to check the correctness of an equation or to assist in deriving

an equation

Dimensions (length, mass, time, combinations) can be treated as algebraic

quantities
— add, subtract, multiply, divide
Both sides of equation must have the same dimensions

Any relationship can be correct only if the dimensions on both sides of the

equation are the same

Cannot give numerical factors: this is its limitation
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Dimensional Analysis

o An extremely useful concept in solving physical problems
o Good to write physical laws in mathematical expressions
o No matter what units are used the base quantities are the same

» Length (distance) is length whether meter or inch is used to

express the size: Usually denoted as [L]
» The same is true for Mass ([M])and Time ([T])
» One can say “Dimension of Length, Mass or Time”

> Dimensions are used as algebraic quantities: Can perform
algebraic operations, addition, subtraction, multiplication or

division
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Dimensional Analysis

+ This is a very important tool to check your work
— It’s also very easy!

+ Example:
Doing a problem you get the answer for distance d = v 2 ( velocity x

time?)

Quantity on left side =L
Quantity on rightside= L/T x T2 =LxT

» Left units and right units don’t match, so answer must be wrong !!
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Dimensional Analysis

One can use dimensions only to check the validity of one’s expression:

Dimensional analysis

eg: Speed [v] = [LJ/[TI=[L][T"]

Distance (L) traveled by a car running at the speed V in time T

L = V*T = [LIT]*[T]=[L]

More general expression of dimensional analysis is using exponents:
eg. [VI=[L"T™] =[L][ T-1] where n =1 and m = -1
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Dimensional Analysis

* The force (F) to keep an object moving in a circle can be described in
terms of the velocity (v, dimension L/T) of the object, its mass (m,
dimension M), and the radius of the circle (R, dimension L).

— Which of the following formulas for F couldbe correct ?

» There is a famous Einstein's equation connecting energy and mass
(relativistic). Using dimensional analysis find which is the correct form
of this equation :
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H2 = A2 + 02
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