
34 Data
Boston Temperature 1900-2019

Source: https://w2.weather.gov

linear fit: 2.3 degree warming
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{2000,27.5,34.2,43.3,47.3,57.2,67.3,70.0,70.3,63.5,53.9,43.8,29.2,50.6},

{2001,30.0,31.7,35.3,48.7,59.5,71.1,69.9,73.9,65.3,56.2,48.3,40.5,52.5},

{2002,36.7,36.3,40.2,49.7,57.7,66.5,75.2,75.2,68.4,52.4,42.9,33.1,52.9},

{2003,24.1,26.3,37.6,44.5,55.1,65.4,74.3,74.2,65.7,53.0,45.9,36.0,50.2},

{2004,20.7,33.0,39.4,49.5,58.8,66.5,71.0,72.0,65.2,53.8,44.3,35.0,50.8},

{2005,26.7,31.1,35.2,49.7,52.2,68.3,73.3,74.4,67.9,54.7,45.9,32.5,51.0},

{2006,36.5,31.0,38.7,49.8,57.0,68.1,75.9,71.4,64.6,54.3,49.1,41.0,53.1},

{2007,32.7,26.1,37.4,45.2,61.4,68.5,72.9,72.7,67.6,59.2,43.0,32.4,51.6},

{2008,33.4,32.5,38.2,49.3,57.7,70.3,75.0,70.0,65.3,53.3,43.4,35.7,52.0},

{2009,24.8,32.9,37.5,50.5,59.5,63.3,70.5,73.6,63.2,51.9,48.8,33.2,50.8},

{2010,29.6,33.2,43.9,53.0,62.8,70.3,77.2,73.4,68.7,55.6,44.8,32.7,53.8},

{2011,27.6,30.5,38.9,50.1,59.2,67.1,77.3,73.9,67.3,57.5,50.4,40.0,53.3},

{2012,34.1,37.3,46.7,53.1,60.3,66.8,75.3,74.6,64.7,56.5,42.1,38.4,54.2},

{2013,31.5,31.1,37.7,48.9,58.8,69.6,77.1,72.1,64.7,56.6,42.7,33.3,52.0},

{2014,27.4,28.9,33.5,48.1,58.7,68.3,74.1,70.8,66.2,56.4,42.5,38.2,51.1},

{2015,26.1,19.0,33.2,48.0,62.3,64.7,73.9,74.6,69.2,54.0,48.6,45.3,51.6},

{2016,32.5,34.7,42.5,47.1,58.6,68.4,76.1,76.4,67.5,55.3,46.2,35.2,53.4},

{2017,35.1,36.6,34.0,51.7,56.3,69.5,72.5,72.0,67.1,61.4,43.7,30.7,52.6},

{2018,28.6,38.1,37.2,45.3,62.1,67.7,76.1,77.4,69.0,54.4,42.9,37.3,53.0},

{2019,30.7,33.5,39.1,51.7,57.8,68.2,78.7,74.1,68.0,57.4,42.8,37.2,53.3}
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POLL
Which was your favorite data story ?

1) Primes

3)  Chaos

4) Beyond 1A

2) Polyhedra



Reminder:

data project is due today



A) What are data?



Turing's picture
also multi-dimensional data can be 

written down as a string of numbers 
and eventually to a sequence of 0 or 1s


0 n for a TByte of datan = 1013



Examples of data



1.Temperatures:Boston Temperature 1900-2019

Source: https://w2.weather.gov

linear fit: 2.3 degree warming
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120 years

of average


temperatures with best

linear fit. 





Presentation matters!
Boston Temperature 1900-2019

Source: https://w2.weather.gov
linear fit: 2.3 degree warming
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2.Pictures: 7 x 5 pixels

Each pixel has a red,

green and blue value

between 0 and 255

(3 Bytes per pixel)



Now we have a one dimensional function



In the Homework



Gaussian

Primes. 


Written directly as

a .PPM file



3.Music
L=First[AudioData[A]

Histogram[L] SmoothHistogram[L]
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4.Movies
Samsara, 2011

480x854 matrix, each pixel has 24 Bit

183600   frames





B) Models



Example: exp. growth

f(t) = Ceat



In the Homework:



Logicistic growth

f(t) =
ect

A + ect

DSolve[f'[t] == c f[t] (b - a f[t]), f[t], t]



C) Presentation



Boston Temperature 1900-2019

Source: https://w2.weather.gov

linear fit: 2.3 degree warming
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Boston Temperature 1900-2019

Source: https://w2.weather.gov
linear fit: 2.3 degree warming
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Switzerland



A CLASSIC BOOK
1954


Darrell Huff

1913-2001



D) Benford's law



An experiment: 
2, 4, 8, 16, 32, 64, 128, 256, 512, 

1024, 2048,4096, 8192, 
16384,32768, 65536, 131072, 

262144, 524288, 1048576, 2097152, 
4194304,8388608, 16777216, 

33554432,67108864, 134217728, 
268435456,536870912, 1073741824



An experiment: 
Histogram[ 

  Table[First[IntegerDigits[2^n]], 

{n, 1, 10000}],10]
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Frank Benford
1883-1948

Simon

Newcomb

1835-190918811931

Explanation



Frank Benford Simon Newcomb



Primes
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Experiment
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Primes Powers
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Experiment

data = Table[First[IntegerDigits[n^2]], {n, 1, 1000}];

S = Histogram[data, 10, ColorFunction -> Hue, AspectRatio -> 1]
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Jam
2 4 6 8
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Write down the first 20 squares,

mark the first significant digit,


then make a bin count for each digit 

and draw the histogram!



Experimental Math



E) Beyond Math 1a



3

To prepare for this course, I set myself the task to formulate the main topic in one short sentence
and then single out 4 major goals for each course. At other schools of higher education, there are
similar courses.

The course 1A from extremization to the fundamental theorem

functions polynomials, exp, log, trig functions
limits velocity, tangents, infinite limits
derivatives product, chain rule with related rates, extremization
integrals techniques, area, volume, fundamental theorem

The course 1B from series and integration to differential equations

integration integration by parts, trig substitution
series convergence, Power, Taylor and Dirichlet series
diff equations separation of variables, exponential and logistic
systems diff eq equilibria, nullclines, analysis

The course 21A geometry, extremization and integral theorems in space

geometry analytic geometry of space, geometric objects, distances
differentiation curves and surfaces, gradient, curl, divergence
integration double and triple integrals, other coordinate systems
integral theorems line and flux integrals, Green, Stokes and Gauss

The course 21B matrix algebra, eigensystems, dynamical systems and Fourier

equations and maps Gauss-Jordan elimination, kernel, image, linear maps
matrix algebra determinants, eigenvalues, eigenspaces, diagonalization
dynamical systems difference and differential equations with various techniques
fourier theory Fourier series and dynamical systems on function spaces

There is also a 19a/19b track. The 19a course focuses on models and applications in biology,
the 19b course replaces differential equations from 21b with probability theory. The Math 20
course does linear algebra and multivariable calculus for economists in one semester but covers
less material than the 21a/21b track.

Calculus and Humor

1 Why do you rarely find mathematicians at the beach? Because they use sine and cosine
to get a tan.

2 Theorem: The less you know, the more you make. Proof: We know Power = Work/Time.
Since Knowledge = Power and Time = Money we know Knowledge = Work/Money. Solve
for Money to get Money =Work/Knowledge. If Knowledge goes to zero, money approaches
infinity.

3 Why do they never serve beer in a calculus class? Because you can’t drink and derive.

4 Descartes comes to a bar. Barmen: An other beer? Descartes: I think not. And disap-
pears.

5 If it’s zero degrees outside today. Tomorrow it will be twice as cold. How cold will it be?

6 There are three types of calculus teachers: those who can count and those who can not.

7 Calculus is like love; a simple idea, but it can be complicated.

8 On a T-shirt:
∫

13

10
2x dx.

9 A mathematician and an engineer are on a desert island with two palm trees and coconuts.
The engineer climbs up, gets its coconut gets down and eats. The mathematician climbs
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up the other, gets the coconut, climbs the first tree and deposits it. ”I’ve reduced the
problem to a solved one”.

10 A mathematician always carries a bomb in the luggage when traveling by plane. because
the probability to have two bombs on a plane is essentially zero.

11 Pickup line: You are so x2. Can I be x3/3, the area under your curves?

12 The Evolution of calculus teaching:
1960ies: A peasant sells a bag of potatoes for 10 dollars. His costs are 4/5 of his selling
price. What is his profit?
1970ies: A farmer sells a bag of potatoes for 10 dollars. His costs are 4/5 of his selling
price, that is, 8 dollars. What is his profit?
1980ies: A farmer exchanges a set P of potatoes with a set M of money. The cardinality
of the set M is equal to 10, and each element of M is worth one dollars Draw ten big dots
representing the elements of M. The set C of production costs is composed of two big dots
less than the set M. Represent C as a subset of M and give the answer to the question:
What is the cardinality of the set of profits?
1990ies: A farmer sells a bag of potatoes for 10 dollars. His production costs are 8
dollars, and his profit is 2 dollars. Underline the word ”potatoes” and discuss it with your
classmates.
2000ies: A farmer sells a bag of potatoes for 10 dollars. His or her production costs
are 0.80 of his or her revenue. On your calculator, graph revenue vs. costs and run the
program POTATO to determine the profit. Discuss the result with other students and
start blog about other examples in economics.
2010ies: A farmer sells a bag of potatoes for 10 dollars. His costs are 8 dollars. Use the
Potato theorem to find the profit. Then watch the wobbling potato movie.

13 Question: What is the first derivative of a cow?
Answer: Prime Rib!

14 Q: What does the zero say to the eight? A: Nice belt!

15 Theorem. A cat has nine tails. Proof. No cat has eight tails. Since one cat has one more
tail than no cat, it must have nine tails.

16 Q: What does a PhD in math with a job say to a PhD in math without a job? Answer:
Paper or plastic?

17 Q: How can you tell that a mathematician is extroverted? A: When talking to you, he
looks at your shoes instead of at his.

18 Q: What does the little mermaid wear? A: An algae-bra.

19 In a dark, narrow alley, a function and a differential operator meet: ”Get out of my way -
or I’ll differentiate you till you’re zero!” ”Try it - I’m ex ...” Same alley, same function, but
a different operator: ”Get out of my way - or I’ll differentiate you till you’re zero!” ”Try
it - I’m ex...” ”Too bad... I’m d/dy.”

20 Q: How do you make 1 burn? A: Fire a differentiation at a log.

21 An investment firm hires. In the last round, a mathematician, an engineer, and a business
guy are asked what starting salary expectations they had: mathematician: ”Would 30,000
be too much?” engineer: ”I think 60,000 would be OK.” Finance person: ”What about
300,000?” Officer: ”A mathematician will do the same work for a tenth!” Business guy:
”I thought of 135,000 for me, 135,000 for you and 30,000 for the mathematician to do the
work.

22 Theorem. Every natural number is interesting. Proof. Assume there is an uninteresting
one. Then there is smallest one. But as the smallest, it is interesting. Contradiction!
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The End


