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LOLL

What was the most
beautiful formula
for you?

Jf(u(X))u’(X) dx = F(u(x)) + C
SUBSTULLTON

d X
—J M) dt = f(x)
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(f(g) =f(g)g’ .
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SHORT STLMMARIES

Twitter summary:

Calculus links the rate of
change of a function with the
area under the curve. The
derivative F’ of the

iIntegral F is equal to f.



DIFFERENT ANGLES

THE MANGA @UIDE TO  comics

™ THE CARTOON GUIDE TO R o
@Al CUBUZ

“In Gonick’s work,
clever design and illustration
make complicated ideas or
insights strikingly clear.”

—New York Times
Book Review

LARRY
GONICK

New York Times bestselling
author of the Cartoon Guide series
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DANCING FUNCTIONS

Beavtiful Dane Moves

For R R0

s(x)  ton(x) cot (x)
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EXPLORE FLINCTIONS

f(x) =sin(1T0000 +/x)



LARGER SCALE

T ={l,2,4,8, 16}

fx_] := SoundNote[x, I[[Mod[x, 5] + []]/10,"Oboe"];
A = lable[Floor | 3*Sin[k/2]], {k, 20}];

Sound|[Maplt, A], {0, 8}]




MELODJES

f={1,1,93,3,5,5,1,1,1,1,3,3,5,5,1,1,5,5,6,6,8,8,8, 8, 5, 5, 6, 6,
8,8,8,8,8,10,8,6,5,5,1,1,8,10, 8, 6,5,5,1,1,3,3,-4,-4,1,1, 1, 1};
A = Map[SoundNote, 1];
s1 = Sound[{"Piano", A}, {0, 24}];
s2 = Sound[{"Flute", RotateRight[A, 8]}, {0, 24}];
s3 = Sound[{"Guitar", RotateRight[A, 16]}, {0, 24}];
Sound[{s1, s2, s3}, {0, 12}]
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SONGS

rise[x_] := Table[{x[[k, 1] + 12, x[[k 21}, {k, Length[x]}] down[x_] := Table[{x[[k, 1] - 12, x[[k 2]]}, {k, Length[x]}]
SN[{x_,t }] := SoundNote[x, t]; T = 6 d=1{1,58ke={l610ka=1{038%h={2105%e={36 0
al = {1} 4} {8} 4} {10}, 1} {{8} I} {{6} 2} {{8} 4} {6}, I} {{Sh 1L {{3h 2} {{5h 2L {{3} I} {1} 1} {{3} 3} {{} 1} {{3}, 4}}
DI = {{{1} 4} {1} 4 {3 4} {{-4} 4} {1} 2}, {O} T} {-2} 15 {{-2}, 2}, {{-4}, 1} {{-65 15 {{-4} 3} {{} 1} {{-}, 4}

al = {{d, 4}, {d 4}, {g 4} {d 4}, {a, 4} {d, 1}, {a, 4} {a 4}};

b2 = {{g 4}, {h, 4}, {e 4} {a 4}, {d 4}, {g 4}, {a, 4}, {a, 4}}

s| = Sound[{"Flute", SN /@ rise[al ]}, {O T, | T}]; s2 = Sound[{"Gurtar", SN /@ downl[a2]}, {O T, | T}];
s3 = Sound[{"Viola", SN /@ rise[al ]}, {I T, 2 T}]; s4 = Sound[{"Harp", SN /@ down[a2]}, {I T, 2 T}];

s5 = Sound[{"Violin", SN /@ rise[b| ]}, {2 T, 3 T}]; s6 = Sound[{"Piano", SN /@ down[b2]}, {2 T, 3 T}];
s/ = Sound[{"Viola", SN /@ rise[b | ]}, {3 T,4 T}]; s8 = Sound[{"Cello", SN /@ down[b2]}, {3 T, 4 T}];

S = Sound[{s|, s2,s3, 54,55, 56,57, 58}]




€* Oliver Knill, May 5, 2020

R[x_] :=RandomChoice[ Permutations[x]];

f[{x_,t_}]:=Module[{a=R[x]},Table[{{a[[k]]},t/3},{k,3}]1]; '
rise[x_]:=Table[{x[[k,1]]+12,x[[k,2]1},{k,Length[x]}]; W |'|: h
down[x_]:=Table[{x[[k,1]]-12,x[[k,2]]}, {k,Length[x]}];

SN[ {x_,t_}]:=SoundNote[x,t];T=3; d
d={1’5’8’13};g={1)6:1®’13};a={0:3’8:12};

dl={1};el={3};91={6};f1={5};k1={8};92={18}; rfandom
d2={13};h1={10} ;c1={12};e2={15};k2={20} ; f2={17};

al={{d,1},{d,l},{g,Z},{d,Z},{d,Z},{a,4}};

aZ={{a,1},{a,1},{a,2},{a,Z},{a,Z},{d,4}}; CO m pO n e n-tS !
03={{d,1},{d,l},{d,Z},{d,Z},{d,Z},{g,4}};
a4={{g,1},{g,l},{d,Z},{d,Z},{a,Z},{d,4}};
bl-{{k1,1},{k1,1},{h1,2},{k1,2},{d2,2},{cl,4}};
b2-{{k1,1},{k1,1},{h1,2},{k1,2},{e2,2},{d2,4}};
b3-{{k1,1},{k1,1}, {k2,2},{f2,2},{d2,2},{c1,2},{h1,2}};
b4-{{g2,1},{92,1},{f2,2},{d2,2},{e2,2},{d2,4}};
cl=Join[f[{d,1}],f[{d,1}],f[{9,2}]1,f[{d,2}],f[{d,2}],f[{a,4}]1];
c2=Join[f[{a,1}],f[{a,1}],f[{a,2}],f[{a,2}],f[{a,2}],f[{d,4}]1];
c3=Join[f[{d,1}],f[{d,1}], f[{d,2}],f[{d,2}],f[{d,2}],f[{g,4}]1];
c4=Join[f[{g,1}],f[{g,1}],f[{d,2}],f[{d,2}],f[{a,2}]1,f[{d,4}]1];
s1=Sound[{"Piano" ,SN/@down[al]},{OT,1T}];

s2=Sound[{"Piano" ,SN/@down[a2]},{1T,2T}];

s3=Sound[{"Piano" ,SN/@down[a3]},{2T,3T}];

s4=Sound[{"Piano" ,SN/@down[a4]},{3T,4T}];

t1l=Sound[{"Flute" ,SN/@rise[bl]},{0T,1T}];

t2=Sound[{"Flute" ,SN/@rise[b2]},{1T,2T}];

t3=Sound[{"Flute" ,SN/@rise[b3]},{2T,3T}];

t4=Sound[{"Flute" ,SN/@rise[b4]},{3T,4T}];
ul=Sound[{"Guitar",SN/@rise[cl]},{0T,1T}];
u2=Sound[{"Guitar",SN/@rise[c2]}, {1T,2T}];
u3=Sound[{"Guitar",SN/@rise[c3]},{2T,3T}];

u4=Sound[ {"Guitar",SN/@rise[c4]},{3T,4T}];

S=Sound[ {s1,s2,s3,s4,t1,t2,t3,t4,ul,u2,u3,ud}];
Export["birthday.i03",S, "MEE"]




CREAINITY

A = Table[RandomChoice[ Range[80] - 40], {30}, {6}];
flx_]:= SoundNote[x, RandomChoice[{1, 2}]];
Sound[{"Piano", Mapl[f, A]}, {0, 6}]



% WolframAlpha e

ffa Extended Keyboard # Upload 32 Examples > Random

Input interpretation:

S R R R R I R e R R

~ waveform  sin(200¢t) sin(10000¢t)

Waveform:  Play Sound |

time (seconds)

(audible to the human ear)

Frequency power spectrum:

frequen Hz
1500 eq cy (Hz)
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X) continuous on [a,b]
L f( ) f(b) different signs

=, f has a root in [a,b]







CONTINCITY
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DERINVATIVES
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EQUILIBRIA

Basic Principle: A system wants to
be in a minimal energy state.

\/



EQUULIBRILUN CHANGE

f(X) . X4 - )C2 f(X) — )C4 — X2 — 0.6x
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Conflict THE CATASTROPHE CUSP MODEL

Intensity AND THE CONFLICT HELIX
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DALA 17O FLINCTIONS

Data Histogram smoothed PDF
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INEINITE INTEGRALS

rALTHOUGH THE

bON'T

THE CARTOON GUIDE TO o (B

UNFAMILIAR, ALL IT - Py GET USED

MEANS 15 AN AREA.. U

THE INTEGRAL SI6N S @

ITSELF 15 A STRETCHED 7
“6” FOR $UM, WHICH
THE INTEGRAL, IN

SOME SENSE, 15

A% A SUMLIKE SOMETHING, THE INTEGRAL SERVES TO DEFINE THE

MEAN AND VARIANCE of a continuous
random variable.

M= sz(;&)dx BY ANALOGY M '*’ZzP(Z)
- WITH THE allz
DISCRETE

“ FORMULAS:
o =J(z—#)2f(z)dz o= ) (i p(2)
allz

o0

ALTHOUGH IT MAY NOT BE OBVIOUS FROM THE FORMULAS, THESE DEFINITIONS
OF MEAN AND VARIANCE ARE ENTIRELY CONSISTENT WITH THEIR ROLE A%
CENTER AND AVERAGE SPREAD OF THE PROBABILITIES GIVEN BY THE DENSITY
F£(x). THE PICTURE TO KEEP IN MIND 15 THIS

—— T b  —— (T ——>

LARRY GONICK -

Author of The Cartoon History of the Universe u—c u uto

& WOOLLCOTT SMITH \ y




SZATISTICS

[ fx) dx =1 Assumption
[ xf(x) dx = m Mean

j (= mPfoo) de | Variance

o(f) =1/ Var(f) Standard Deviation
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THE GEE-WHIZ GRAPH 05

honest red line that rose just four per cent, under this
caption: GOVERNMENT PAY ROLLS STABLE.,

GOVT. PAY ROLLS STABLE!
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Collier’s has used this same treatment with a bar chart
in newspaper advertisements. Note especially that the
middle of the chart has been cut out;

3,205,000 est,

3,200,000

3,150,000 3,140,709

3,100,000 gt

0

First nine snonths Lost quarter First quarter
1952 1952 1953

From an April 24, 1953, netws-
paper advertisement for COLLIFRS



CALOLULLLS AND
HUWMOR.



How do you make
burn!?

Differentiate a log gZs8
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Math | B Series and Diff equations
Math 21a Multivariable Calculus
Math 21D Linear Algebra and Diff Equ

Stats [0 ’robability and Statistics
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