UNIVERSITY OF TRINIDAD AND TOBAGO

PHYS 110U – Physics


Lesson 2: Fundamental Quantities and Units 
·  Lecture objectives
· Recall some of the fundamental quantities of the International system (S.I. system) and their related symbols
1.1 Recall that a physical quantity is usually expressed as the product of a number and a unit;

1.2 Recall the base units for some fundamental quantities in the S.I. system and their related symbols; 

1.3 Explain the need for, and importance of, standard units in measurements;

1.4  express standard units using prefixes or their symbols:

1.5 use numbers expressed in standard form;

1.6 recall that derived quantities and their related units are produced by multiplying and dividing fundamental quantities and their units;

1.7 recall the special names given to the units for some derived quantities;

         express derived units using the index notation.

1.9    express derived units using the index notation.

​​​​​​​​​​​​​​​​​_____________________________________________________________________________________

What is science?

The word science originates from the Latin word 'scientia', meaning 'to know'. The knowledge which man has gained through observations and experiments, when organised systematically, is called science.
The sciences which deal with non-living things are called physical sciences. Examples of physical sciences are physics, chemistry, geology, geography, astronomy, astrology and oceanology.
What is physics?
The branch of science which is devoted to the study of nature and natural phenomena is called Physics. It is expected that all the events in nature take place according to some basic laws. Physics reveals these basic laws from day-to-day observations.

Systems of Units

A unit of a quantity is the standard quantity used to measure a physical quantity. 

The process of measuring a physical quantity has two steps: 
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To find the number of times that unit is contained in that physical quantity. 
 Take for example: In order to measure the length of a table, the unit selected is that of length. If metre is the unit used, a metre rod is used to measure the length and if the table length is thrice the length of the metre rod, then the numerical value of length of the table is 3.

i.e., Table length = 3 x 1m = 3m

In general, 
Measure of a physical quantity = numerical value of physical quantity x size of its unit
i.e., x = nu

where x = quantity to be measured for selected unit

n = numerical value of physical quantity

u = size of the unit
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Why do we need a system of measurement and system of units?

Fundamental and physical quantities
There are 7 physical quantities viz., Length, mass, time, temperature, electric current, luminous intensity and amount of substance. 
Lengths, mass and time are called fundamental physical quantities.

The units of fundamental physical quantities are called fundamental units. They are m, kg and sec. These units can neither be derived from one another nor can be resolved into other units. They are independent to each other.
The International System (SI)
It is a system introduced by General Conference of Weights and Measures in 1960. It is called "Le Systeme International d' Unites. It is a coherent system of units built from seven SI base units they are the metre, kilogram, second, ampere, mole and candela for the dimensions length, mass, time, electric current, thermodynamic temperature and luminous intensity respectively.
	Physical Quantity
	Name of SI unit
	Symbol for SI unit

	Length
	Metre
	m

	Mass
	Kilogram
	kg

	Time
	Second
	s

	Electric current
	Ampere
	A

	Thermodynamic Temperature
	Kelvin
	K

	Amount of substance
	Mole
	mol

	Luminous intensity
	candela
	cd


	Abbreviations in powers of 10 (used in SI units)


	Prefixes are used for large and small quantities. The following table gives prefixes, their symbol and their values in powers of 10, as used in SI units. 
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Scientific Notation:

Very large and very small numbers are commonly encountered in science and are better expressed in scientific notation. Any number can be expressed in decimal form as a number between 1 and 10 multiplied by a power of ten (exponent). This exponent indicates in which direction and how many places the decimal must be moved to express the number in its expanded form.

For example:


79,200 = 7.92 x 104

0.000792 = 7.92 x 10-4
Therefore, a scientific notation with a positive exponent represents a number greater than one (1), while a scientific notation with a negative exponent denotes a number less than one (1). Also note that the digits appearing in decimal form in the scientific notation are the significant numbers. 
1.
When adding or subtracting using scientific notation, numbers must be converted to the same power of 10:


(3 x 105) + (2 x 104) = (3 x 105) + (0.2 x 105) = 3.2 x 105

(6 x 10-4) - (4 x 10-5) = (6 x 10-4) - (0.4 x 10-4) = 5.6 x 10-4
2.
When multiplying or dividing using scientific notation, the exponents are added (multiplication) or subtracted (division):


(3 x 103) x (2 x 102) = 6 x 10(3+2) = 6 x 105

(9 x 108) ÷ (3 x 105) = 3 x 10(8-5) = 3 x 103

(9 x 108) ÷ (3 x 10-3) = 3 x 10[8-(-3)] = 3 x 1011
Summary
Units of Length

1 kilometer (km)
=
1000 meters (m)

1 meter (m)
=
100 centimeters (cm)
=
1000 millimeters (mm)

1 foot (ft)
=
12 inches (in)

1 yard (yd)
=
3 feet (ft)

1 mile (mi)
=
5280 feet (ft)
=
1.6 kilometers

1 meter (m)
=
3.28 feet (ft)
( x 1yd/3ft )
=
1.093 yard (yd)

1 yard (yd)
=
0.9146 meter (m)
( x 100cm/1m )
=
91.46 centimeters (cm)

1 centimeter (cm)
=
0.3937 inch (in)

1 inch (in)
=
2.54 centimeters (cm)

Units of Volume

1 liter (L)
=
1000 milliliters (mL)
=
1000 cubic centimeters (cm3)
=
1.0567 quart (qt)

1 milliliter (mL)
=
1 cm3
1 cubic meter (m3)
=
1000 liters (L)

Units of Mass

1 kilogram (kg)
=
1000 grams (g)
=
2.205 pounds (lb)

1 gram (g)
=
1000 milligrams (mg)
=
0.035 ounce (oz)

1 metric ton
=
1,000,000 grams (g)
=
2205 pounds (lb)

1 English ton
=
2000 pounds (lb)

1 pound (lb)
=
454.6 grams (g)

Units of Temperature

Boiling point of pure water at 1 atm of pressure
=
100º Centigrade (ºC)
=
212º Fahrenheit (ºF)

Freezing point of pure water at 1 atm of pressure
=
0º Centigrade (ºC)
=
32º Fahrenheit (ºF)

°F
=
(°C x 1.8) + 32
=
(9°C + 160) / 5

°C
=
0.56 (°F - 32)
=
(5°F - 160) / 9
Exercise: Data, Measurements, and Units
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Measure the height, width, and length of the outside of a box, in centimeters, to the nearest tenth of a centimeter (that is, to one decimal place). With these measurements, calculate the volume of the box in both cubic centimeters (cm3) and in liters (L).

Volume of a box = Length x Width x Height









 Height = _____________cm

Volume: ____________cm3
Volume: ____________L









Width = _____________cm

                                                                       Length = _____________cm
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If that box were to be filled with fresh water, how much would it weigh in kilograms (kg)? In pounds (lb)? Assume that 1 gram (g) = 1 cm3 for the density of fresh water at 25ºC (room temperature).


Mass: ____________ kg

Mass: ____________lb
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  Four students in a group measured the length of an object provided by the instructor to the nearest tenth of a mm. Each student determined the length. The following results were obtained.


#1: 26.53mm     #2: 26.34 mm       #3: 26.15 mm     #4: 26.60 mm


a.
What is the average value for the length?  ____________mm


Average value = (Sum of individual values) ( (Number of individual values being averaged)


b.
What is the percent deviation of each measurement from the average value, given the following equation?:


% Deviation = 
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 x 100%

#1: ____________%
#2: ____________%
#3: ____________%

           #4: ____________%

 MACROBUTTON HTMLDirect [image: image12.wmf]4.



Convert the following:

a.
8 km = ? cm                                                             c.
25ºC = ? ºF

b.
5 meters = ? feet
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a.
Determine the number of significant figures in the measurements below:



730,000 years has _______________________ significant figures.



0.00305 grams has _______________________ significant figures.



506.03 meters has _______________________ significant figures.


b.
Express these numbers in scientific notation:



2050 yr is _______________________ in scientific notation.



0.116 mi is _______________________ in scientific notation.



9.053 kg is _______________________ in scientific notation.
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Given the equation 2X = 
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We generally think of the oceans as being deep, but it is useful to have some feeling for the depth of the ocean relative to its horizontal dimensions. The average depth of the ocean is about 3.8 km. We can't really define an average width, but depending on where we measure across the oceans, we typically get distances of 5000 km to 10,000 km. Let's pick a width of 7600 km to keep the arithmetic simple.

a.
Start by calculating the depth-to-width ratio (that is, depth ( width). Notice that as both values are listed in km, the units cancel and we're left with a unitless ratio.

b.
Now imagine that we are trying to build a scale model of the ocean with the same depth-to-width ratio as the real ocean. Let's build our model in a pan that is 20 inches across. How deep should the water be in our model ocean?
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Let's calculate the average density of our planet. The mass of the Earth can be estimated quite accurately from the way objects are attracted to it by gravity. I'll spare you the computations, but we will use a figure for the mass of the Earth of 5.98 x 1027 g. The radius of the Earth is approximately 6370 km.

Bottom of Form

a.
What is the radius of the Earth in centimeters?: ________________cm


(Hint: Convert 6370 km to ? cm. Convert to scientific notation, to eliminate those pesky zeroes.)

b.
What is the volume of the Earth, in cubic centimeters? (You can use the value of 6370 km for the radius of the Earth, but remember to convert that value to cm in order to calculate the volume of the Earth in cm3.) We're assuming here that Earth is a perfect sphere. The volume of a sphere is:

Volume of a sphere = 
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 π r3
(where r = radius, and π = ratio of circumference to diameter of a sphere and π ≈ 3.1415927)

The volume of Earth is: ________________cm3
c.
Now let's calculate the average density of our planet, in grams per cubic centimeter (g/cm3). The density of a substance is how "heavy" the material is - that is, how much a specified volume of the material would weigh. Mathematically, the equation is:

Density = Mass ( Volume

(Remember, you were given the mass in grams, and the volume in cm3 in part b.)

The average density of Earth is: ________________g/cm3
________________________________________________________________________
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