
Lesson 1
Tooling up:

- Fundamental Units
- Scientific Notation



Why Science?



Copernicus, Galileo and the birth of modern science

“Sun Stand Still”
Joshua 10-12

The Sun Stands Still
11As they fled from before Israel, while they were at the descent of Beth-horon, the LORD threw large stones from heaven on them as far as Azekah, and they died; there were 
more who died from the hailstones than those whom the sons of Israel killed with the sword. 12Then Joshua spoke to the LORD in the day when the LORD delivered up the 
Amoritesbefore the sons of Israel, and he said in the sight of Israel, "O sun, stand still at Gibeon, And O moon in the valley of Aijalon." 13So the sun stood still, and the moon 
stopped, Until the nation avenged themselves of their enemies. Is it not written in the book of Jashar? And the sun stopped in the middle of the sky and did not hasten to go 
down for about a whole day.…

http://biblehub.com/nasb/joshua/10.htm
http://biblehub.com/hebrew/227.htm
http://biblehub.com/hebrew/3091.htm
http://biblehub.com/hebrew/1696.htm
http://biblehub.com/hebrew/3068.htm
http://biblehub.com/hebrew/3117.htm
http://biblehub.com/hebrew/3068.htm
http://biblehub.com/hebrew/5414.htm
http://biblehub.com/hebrew/567.htm
http://biblehub.com/hebrew/6440.htm
http://biblehub.com/hebrew/1121.htm
http://biblehub.com/hebrew/3478.htm
http://biblehub.com/hebrew/559.htm
http://biblehub.com/hebrew/5869.htm
http://biblehub.com/hebrew/3478.htm
http://biblehub.com/hebrew/8121.htm
http://biblehub.com/hebrew/1826a.htm
http://biblehub.com/hebrew/1826a.htm
http://biblehub.com/hebrew/1391.htm
http://biblehub.com/hebrew/3394.htm
http://biblehub.com/hebrew/6010.htm
http://biblehub.com/hebrew/357.htm


Scientific Method

Our understanding of the natural world moves along two fronts: 
1. New concepts are built.

2. Better experimental techniques.



The 3 Periods of Physics (so far)

Physics in Antiquity

Classical Physics
(Pre-1920) Modern Physics 

(post 1920)
Aristotle

Archimedes

Galileo

Newton



Physics in relation to other sciences

Chemistry Biology Astronomy

Geology Neuro-science



The Need for Standards and Units

Henry I (1100-1135)



Length (m)
1790 1790 1960

86Kr

Current definition: 1984



Time (s)

1967
133Kr

1/86 400 
of “mean solar day”



Mass (kg)

1890

Gram=mass of 1 cm3 of water at 4 °C. Future Standard?
28Si



Other Fundamental Units

MKS or SI





Scientific Notation
In scientific notation all numbers are written in the form:

m × 10n

Here m satisfies 

1≤m<10

Any physical quantity must be accompanied by units:

Mass of the sun =1.99×1030kg

mantissa Order of magnitude

This mantissa contains 3 significant figures.









Uncertainty in Measurements

It is understood that the last digit is always the result of approximation:  
7.61011



Identifying Significant Figures
• Any non zero digit is significant.
• Zeros:

• Zeros between significant figures all zeros are always significant:
10.05 m has four significant figures

• Zeros at the beginning are never significant: 
0.025 kg has two significant figures.

• Zeros at the end are significant if the number has a decimal point: 
0.70 s has two significant figures 

• Problem: Zeros at the end without decimal point is ambiguous:
4200 cm could have two or four figures.

To avoid this ambiguity use scientific notation.
4.2×103 cm two significant figures
4.20 ×103 cm three significant figures
4.200 ×103 cm four significant figures



Significant Figures in Calculations
Addition and subtraction.

20.42 + 1.322 + 83.1
Multiplication and division

6.221 × 5.2

6. 2 2 1

× 5. 2

1 2 4 4 2

+ 3 1 1 0 5

3 2. 3 4 9 2

3 2.

The result has the same number of 
decimal places as the measurement with 
the fewest decimal places.

2 0. 4 2

1. 3 2 2

+ 8 3. 1

1 0 4. 8 4 2

1 0 4. 8

The result contains the same number of 
significant figures as the measurement 
with the fewest significant figures.



Q1.1

The density of a material is equal to its mass divided by its 
volume. What is the density in kg/m3 of a rock of mass 1.80 kg 
and volume 6.0    10–4 m3?

A. 3 103 kg/m3

B. 3.0 103 kg/m3

C. 3.00 103 kg/m3

D. 3.000 103 kg/m3

E. Any of these — all of these answers are mathematically 
equivalent.
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Some SI Derived Units
𝐴𝐴 = [𝐿𝐿2]

𝑉𝑉 = [𝐿𝐿3]

𝜌𝜌 =
𝑀𝑀
𝐿𝐿3

= 𝑀𝑀𝐿𝐿−3

𝑣𝑣 =
𝐿𝐿
𝑇𝑇 = 𝐿𝐿𝑇𝑇−1

𝑎𝑎 =
𝐿𝐿
𝑇𝑇2 = 𝐿𝐿𝑇𝑇−2

𝐸𝐸 =
𝑀𝑀𝐿𝐿2

𝑇𝑇2 = 𝑀𝑀𝐿𝐿2𝑇𝑇−2

𝑃𝑃 =
𝑀𝑀𝐿𝐿2

𝑇𝑇3 = 𝑀𝑀𝐿𝐿2𝑇𝑇−3

Area is measured in: m2

Volume is measured in: m3

Density is measured in: kg
m3

Speed is measured in: ms

Acceleration is measured in: m
s2

Energy is measured in Joules: J=kg⋅m2
s2

Power is measured in Watts: W=kg⋅m2
s3



Dimensional Analysis
• The dimensions of one side of the equation must be the same as 

those on the other side of the equation:
For example:

𝑣𝑣 = 𝐿𝐿𝑇𝑇−1

ℎ = [𝐿𝐿 ]

𝑎𝑎 = 𝐿𝐿𝑇𝑇−2

Numbers  are dimensionless

𝑎𝑎 ℎ =
𝑣𝑣2

2

𝑣𝑣2 = 𝐿𝐿2𝑇𝑇−2

𝑎𝑎ℎ = 𝐿𝐿2𝑇𝑇−2

The dimensions are the same.

You can not add or substract different units, but you can multiply them or divide them.



Conversion Factors
• Suppose we needed to change a speed in “US units” of 55 mph, to SI units 

(m/s).
• We know the following relations:

1 mi = 1.609 km
1 km = 1000 m
1 hour = 60 min

1 min = 6 s
• We multiply by expressions that are equal to 1

55
mi
hr

= 55
mi
hr

1.609km
1 mi

1000m
1km

1hr
60min

1min
60s= 55

mi
hr

1.609km
1 mi

1000m
1km

1hr
60min

1min
60s

25
m
s



Solving Problems in Physics

• All of the Problem-Solving Strategies and Examples in the 
textbook will follow these four steps:

• Identify the relevant concepts, target variables, and known 
quantities, as stated or implied in the problem. 

• Set Up the problem: Choose the equations that you’ll use to 
solve the problem, and draw a sketch of the situation. 

• Execute the solution: This is where you “do the math.”

• Evaluate your answer: Compare your answer with your 
estimates, and reconsider things if there’s a discrepancy.



Estimation
“Back of the Envelope Calculations”

• Estimate the average area available to each person
• in the USA.
• In the World.

• IDENTIFY: 
• We need:

• Approximate number of people in the USA
• Approximate number of people in the World
• Approximate area of the USA
• Approximate area of the world.

• Execute:
• We only care about the orders of magnitude.
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