
Welcome to PHYS101N 2021



Have you...

A. Checked out the 
Blackboard and Web 
sites for our course?

B. Read the syllabus?
C. Registered and 

obtained a license 
for TurningPoint?

D. Signed up for and 
attended Lab?



Why Science?

1. Because most humans have an innate desire to understand 
the world around them, what everything is made of and 
where it came from 

2. Because the most important decisions the people of this 
planet must make depend on a scientific understanding of 
the world

3. Because scientific research has brought us the marvels of 
modern technology (from rockets to computers) and is 
indispensable for our economy, health care and security

4. What’s your reason?



Why Science?

…just one guy’s 
opinion, but he also said:
(supposedly...)



What is Physics?



What is Physics?
A. The study of the most 

fundamental constituents of 
the world around us

B. A way to describe motion
C. A set of Laws about forces 

and their effects
D. A method to observe, 

categorize, understand and 
predict natural and 
technological phenomena

E. A science that underpins all of 
chemistry, biology, 
astronomy, geology, 
metereology, and engineering



What is matter made of?













About this Course

• Learn how to describe motion of objects and to distinguish 
between force-free motion and motion in the presence of a 
force.

• Define fundamental concepts like Force, Energy, 
Momentum, Angular Momentum, Gravity. 

• Find out how these concepts can explain and predict 
motion (dynamics) or stable equilibrium (statics).

• Study the electrostatic and magnetostatic force.
• Get a glimpse of electromagnetic induction and Maxwell’s 

theory of electromagnetism…



The Scientific Method

• Conduct systematic, reproducible (and quantitative) 
observations and measurements

• Determine and record the relevant parameters and 
observables

• Define (mathematical, geometrical, conceptual,…) models 
that describe and relate these quantities to each other

• Develop general theories (or “Laws”) that organize and 
explain large numbers of observations and models

• Derive testable predictions and test them
• Toss any theories that either cannot be tested rigorously or 

that fail those tests.



Measurements

• How do we specify and quantify “what’s going on”?
• What are the relevant features and parameters? How do we 

measure them? 
• Define idealized objects, constructs and situations and 

distinguish what’s important from “annoying” details that 
may obscure that.

• Repeat measurements under different conditions (varying 
parameters).

• Translate into the language of math: Numbers.



Math Pop Quiz
A farmer wants to plow his field. It takes him 5 gallons of fuel just to 
drive there with his tractor. The remaining fuel needed is directly 
proportional to the surface area of the field (2 acres takes double as 
much fuel as 1 acre).
If the field is a perfect square with 500 yards on each side, the total 
amount of fuel needed is 10 gallons. How much fuel would be needed if 
the field is a square with 1000 yards on each side?



Develop a Model
• Define (or refine the definition of) observables (concepts, “agents” or 

quantities that can be used to organize and explain your data). 
Important: Give a precise, operational definition

• Develop mathematical relationships between different observables that 
both agree with your observations and can be used to predict the 
outcome of future experiments.

• If you found a really fundamental relationship which passes all tests in 
widely varying situations, call it a “Law”.

• A coherent, interconnected collection of Laws is called a “Theory”.
• If a proposed “scientific theory” can not be tested by observation 

(because either it doesn’t predict any observable phenomena or 
because it is formulated such that it will “automatically” pass any such 
test) then we are dealing with “Pseudoscience”.



Example: Falling Objects

• Measurements: Position in time. Ignore air resistance. 
Drop from different heights. Record time, height, speed...

• Describing Measurements: Draw diagrams of speed vs. 
time. Observe that speed increases linearly with time 
(constant acceleration a). Find that total drop in height 
equals 1/2 times acceleration times drop time squared 
(H = 1/2 a t2 ).

• Develop a Model: Define gravitational force F (measure 
with bathroom scale). Define mass M . Write down  
F = Ma .

• Predict orbits of moon, satellites,...



Quantities in Mathematics

• Numbers (integer, fractions, real, complex,…). “Infinite” 
precision

• Normally do not have units
• Can “visualize” as sizes (lengths) of bars, distances, etc.
• Example: plot of y vs. x
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Quantities in Nature
• Describe properties of something - “how fast”, “how 

high”, “how hot”
• Can be measured (observables) -> representation by 

numbers, but with limited precision (don’t show more 
digits than warranted - usually 3-4); usually has units

• Can “visualize” as sizes (lengths) of bars, distances, etc.
• Example: plot of x vs. t - NOTE: Do not take assume the 

graph shows a literal rendition of a trajectory!
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Does this graph describe an object 
that moves…

A. Sideways?
B. Up?

x

y

z

Quantities in Nature

• Describe properties of something - “how fast”, “how
high”, “how hot”

• Can be measured (observables) -> representation by
numbers, but with limited precision (don’t show more
digits than warranted - usually 3-4); usually has units

• Can “visualize” as sizes (lengths) of bars, distances, etc.

• Example: plot of x vs. t - NOTE: Do not take literally!
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Observables

• Things we can measure quantitatively.
• Require an operational definition: How to measure?
• Can be simple number, but most often have a dimension

and a unit.



Example: Distance

• Dimension: Length
• Unit: m (Meter)
• Operational definition: Compare with “standard meter”: 

ruler, tape measure, 1/10,000,000 of distance from pole to 
equator, standard meter in Paris, distance traveled by sound 
in 1/340 of a second, …

• Distance traveled by light in 1/299,792,458 of a second.
• Write result as, e.g. ,  “8.3 m”



Example: Duration

• Dimension: Time
• Unit: s (second)
• Operational definition: Compare with number of elapsed 

“standard seconds”: swing (left to right) of 1m pendulum, 
1/86,400 of a day,…

• 9,192,631,770 times the period of the oscillation of a 
cesium-133 clock.

• Write result as, e.g. ,  “1 hour = 3600 s”



Example: Mass (Inertia)

• Dimension: Mass
• Unit: kg (kilogram)
• Operational definition: Compare with “standard kilogram”: 

Scale weight, platinum-iridium cylinder in Paris…
• A mass that would correspond to a quantum-mechanical 

wavelength of 6.62607015×10−34 m if it moved at speed of 
1 m/s.



Some Remarks: 

• Many more units are possible (and in use) for each 
observable. Example: cm, inch, foot, mile, nautical mile, 
furlong,...

• We will use only SI units introduced above and their 
derivations/combinations (except in problems).

• All observables must always be quoted with their proper 
units. All numerical manipulations of quantities (including 
conversion factors) must always include units (they behave 
like any other “constants” in Algebra). 



Big and tiny Numbers

• Use exponents: 
9.193.109  instead of  9,192,631,770 ;  3.336.10-9  instead of  
1/299,792,458 .

• Use prefixes for units: 
k = “kilo” = 103,  M = “Mega” = 106 , G = “Giga” = 109,
d  = “deci” = 10-1, c = “centi” = 10-2, m = “milli” = 10-3,  
µ = “micro” = 10-6, n = “nano” = 10-9,  p = “pico” = 10-12

Examples: 
km (1000 m), MHz (106/s), mg (10-3g = 10-6 kg), 
ns (10-9 s; light travels 1 m in 3.336 ns)



Let’s try this out…

• Begin at everyday scale - 1m
• Proceed “downwards” to smaller and smaller sizes 

(attometer)
• Expand outwards to larger and larger sizes (the whole 

universe) - with many stops along the way…

http://www.wordwizz.com/pwrsof10.htm





How large is our home planet?

• Find 2 cities about 800 km apart
• When the sun is exactly overhead in one, measure angle at other one: 

Length of shadow = Angle [in radians] x Height of pillar => 
Angle [in radians] = Length of shadow / Height of pillar = 1/8 = 0.125

• Angle [in radians] x Radius = distance => 
Radius = 800 km / 0.125 radians = 6400 km

Note: convert angle to radians:
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Milky Way

Andromeda
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The large scale structure of our Universe



The 3K microwave background showing density fluctuations in 
our Universe at age 300,00 years



http://universeadventure.org/
A brief summary of the 

Universe
• About 14 billion years old 

(give or take a billion) -
began in a “big bang”

• About 14 billion light years 
large (the part we can see at 
least)

• Expanding at a rate of 
0.0000000075% per year

• Accelerating expansion!
• Approximate temperature 

today: 3 K = -465 F
• 100’s of billions of Galaxies, 

containing 100’s of billions 
of Stars each (many of them 
with planets), plus gas 
clouds, dust, neutron stars, 
black holes, quasars,… and 
dark matter and dark energy


